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ABSTRACT 


Spacecraft thermal-control subsystems are necessary to maintain all elements of 
a spacecraft system within their temperature limits for all mission phases. In most 
instances the heat inputs are highly variable with time, requiring thorough transieni- 
analysis of thermal flow within the spacecraft. Additionally, steady-state tliermal 
profiles are necessary for precise overall thermal-analysis. The objective of this 
diesis is to develop a steady-state diennal model of the Electric Power Subsystem 
(EPS) and its associated housing for the Petite Amateur Navy Satellite (PANSAT). 
This task is undertaken to identify any physical locations within die EPS where 
tcmperaiures exceed the limits established to protect sensitive electronic 
components. Software generated steady-state analysis using only contact- 
conductances for die EPS dirough the housing attachment is perfonned. It is 
shown that given the geometry of the physical model, the conductive relations 
developed, and die given boundary conditions, the steady-state temperature of the 
EPS and its associated housing will remain within limits. 
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1. INTRODUCTION 


In order to maintain all the elements of a spacecraft system within their temperature linuts 
for all mission phases, thermal analysis of individual spacecraft subsystems is necessary for 
thermal-control subsystem design. Thermal-control designers must account for heat inputs from 
several sources, such as the Sun, the Earth, and electrical and electronic components on-board the 
spacecraft. In most instances the heat mputs are highly variable with time, requiring thorough 
transient-analysis of thermal flow within the spacecraft. Additionally, stead\ state thermal profiles 
are necessar\ for overall thermal analysis. During tlie preliminary mission design of a spacecraft 
there are several thermal issues which must be addressed. A review of these issues bounds the 
thermal design problem. The first step in the thermal design of a spacecraft is to deterrmne key 
requirements and constraints, which include the temperature limits and power dissipation of all 
spacecraft components. Next, spacecraft altitude and orientation relative to the Earth and Sun for 
all mission phases is determined in order to calculate the minimum and maximum thermal flux 
from each of these celestial bodies. With this, environmental heat inputs on the exterior surfaces of 
the spacecraft can be calculated. Once thermal boundary conditions are established, temperature 
limits defined, software modeling developed, and any other miscellaneous requirements understood, 
a complete spacecraft thermal subsystem can be developed. 


A. THESIS SCOPE 

The purpose of this thesis is to develop a steady-state thermal model of the Electric Power 
Subsvstem (EPS) and its associated housing for the Petite Amateur Navy Satellite (PANSAT) 
This task is undertaken in order to identify any physical locations within the EPS where 
temperatures exceed the limits established to protect sensitive electronic components Software 
generated steady-state analysis using only contact conductances through the housing attachment is 
studied to pmpoint any physical locations that deviate from the allowable temperature ranges. To 
generate the data needed for analysis it was necessary to determine circuit board layouts, which 
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included component locations and board sizes, m addition to power dissipation requiremer.ts of 
individual components From this information, thermal nodes and thermal conductivities between 
nodes were caleulated. Inward-viewing box geometrx was created to phxsicalK model the EPS 
FmalK , the EPS housmg was sized for thickness and structural integntv for a dynamic 
environment with an emphasis on thermal concerns. 


B. BACKGROUND 

A basic understanding of thermal conductivity and of the Integrated Thermal Analy sis 
Sy stem (ITAS) software used to thermally model the EPS is necessary to appreciate the scope of 
this thesis 


1. Heat Conduction 


a. Conduction 

Whenever a temperature gradient exists in a solid medium, heat will flow from the 
higher-temperature to the lower-temperature region. The rate at which heat is transferred by 
conduction is proportional to the temperature gradient multiplied by the area of flux through which 
heat is being transferred: 




( 1 ) 


The actual rate of heat flow depends on the thermal conductivity, k, which is a physical property of 
the medium. For conduction through a homogeneous medium, the rate of heat transfer is then: 


q = -kA— (2) 

dx 

The minus sign is included as a result of the second law of thermodynamics which requires that 
heat must flow from a higher-temperature region to a lower-temperature region. Equation (2) 
provides the definition for the thermal conductivity, k, and is called Founer 's Law of Conduction 
in honor of the French scientist J.B.J. Fourier, who proposed it in 1822. The thermal conductivity 
IS a matenal property that indicates the amount of heat that will flow per unit time across a unit 
area when the temperature gradient is unity Although, in general, the thermal conductivity vanes 
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with temperature, in many engineenng problems the variation is sufficiently small to be neglected 
For engineenng calculations, experimentally measured values of thermal conductiv ity are used 
[Ref 1: p 4-81 

The best thermal conductors are metallic solids and the poorest ones are gases In 
between lie alloy s, nonmetallic solids, and liquids Solid matenals consist of free electrons and of 
atoms m a penodic lattice arrangement Thermal energy may thus be conducted by tivo 
mechanisms: migration of free electrons and lattice vibration These two effects are additive, but. 
m general, the transport due to electrons is more effective than the transport due to vibrational 
energy in the lattice structure Since electrons transport electric charge in a manner similar to the 
way in which they carry thermal energy from a higher-temperature region to a lower-temperature 
region, good electrical conductors are usually also good heat conductors and good electrical 
insulators are poor heat conductors In non-metallic solids there is little or no electronic transport 
and the conductivity is therefore pnmarily determined by lattice vibration This explains why these 
matenals have a lower thermal conductivity than metals. An unportant group of solid matenals for 
heat transfer design are thermal insulators. These materials are solids, but their structure contams 
air spaces that are sufficiently small to suppress gaseous motion and thus take advantage uf the 
low thermal conductivity of gases in reducing heat transfer. Although we usually speak of a 
thermal conductivity of thermal insulators, m reality the transport through an msulator is 
compnsed of conduction as well as radiation across the interstices filled with gas In good 
insuldtuis the spaces containing the air are sealed from each oihci, as in cellular foan.s made from, 
plastic or glass The thermal conductivity value of insulation systems is always an effective value 
that accounts for conduction, radiation, and sometimes also convection withm the material [Ref 1: 

p 10-12] 


b. Thermal Conductance 

To establish the working equation for thermal conductance that will be used in 
calculations for this thesis, examine the simple case of steady-state heat flow through a plane w all 
with a non-varying temperature gradient and non-varying heat flow through a uniform cross- 
sectional area. Using these assumptions and integrating equation (2) we obtain: 
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Th.< -ImiJ 


(3) 


In this equation. (Thm - Tcoid). the difference between the higher-temperature region and the lower- 
temperature region is the driving potential that causes the flow of heat The quantiu (L/Ak) is 
equivalent to a thermal resistance, R, that the theoretical wall offers to the flow of heat bv 
conduction, thus 

R = L/Ak (4) 

The reciprocal of the thermal resistance is referred to as the thermal conductance. K. defined bv 
IRef 1: p 6.7| 

K = Ak/L (5) 


a Contact Resistance 

When different conducting surfaces are placed in contact, a thermal resistance is 
present at the interface of the solids The interface resistance, frequently called the contact 
resistance, is developed when two materials will not fit tightly together and a thin layer of fluid is 
trapped between them Examination of an enlarged view of the contact betw een two surfaces 
shows that the solids touch only at the peaks in the surface and that the valleys in the mating 
surfaces are occupied by a gas (possibly air), a liquid, or a vacuum The following parameters are 
of pnmarv importance 

• Geometn. of the contactmg matenal: surface roughness 

• Thickness of the gap 

• Type of interstitial fluid gas. liquid, grease, vacuum 

• Thermal conductivities of matenals 

• Microhardness of surface matenals 

• Contact pressure 

• Apparent contact area 

• Temperature 

At the interface, the mechanism of heat transfer is complex Conductance takes place through the 
contact points of the solids, while heat is transferred by convection and radiation across the trapped 
interstitial fluid [Ref 1 p 12] 
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It IS dift'icult to determine the surface quality of a material Surface qualities include its 
geometiA, cry stal structure, appearance, color, resistance to corrosion, hardness (microhardness), 
and size and shape of surface flaws. Tlie surface deviations determine the surface roughness 
There are three types of surface deviations: surface flaws, waviness. and roughness Surface flau s 
are occasional irregularities; waviness consists of widely spaced irregularities such as feed marks, 
and roughness consists of finely spaced irregularities (less than 1/32 in.) which determine the 
■finish' of a surface. The average height of surface irregulanties is a measure of roughness but 
not a complete specification of the character of the irregulanties. A preferred set of roughness 
classes has been suggested from 1/4 in. to 63,000 microin., as average [Ref 2: p. 13-65] 

Hardness of matenals has been vanously defined as resistance to local penetration, to 
scratching, to machining, to wear or abrasions, and to yielding. The multiplicitv of definitions and 
corresponding multiplicity of hardness measuring instruments, together w itli the lack of a 
fundamental definition, indicates that hardness may not be a fundamental property of a matenal 
but rather a composite one including yield strength, work hardenmg. true tensile strength, modulus 
of elasticity , and others The resistance to localized penetration, or indentation hardness, is w idely 
used industrially as a measure of hardness and is the one measure used for this thesis [Ref 2: p 5- 
13 | 

There are several indentation tests commonly utilized. The Brinell hardness is 
determined by forcing a hardened sphere under a known load into the surface of a matenal and 
measuring the diameter of the indentation left after the test The Brinell hardness number is 
obtained by dividing the load used, in kilograms, by the actual surface area of the indentation, in 
square millimeters The result is a pressure, but the units are rarely stated In the standard Bnnell 
test, the diameter of the impression is measured witli a low-power hand microscope, but for 
production work there are available several testing machines which automatically measure the 
depth of the impression and from this give readings of hardness. 

In the Rockwell method of hardness testing, the depth of penetration of an indentor 
under certain arbitrary conditions of test is determined. The indentor may be either a steel ball of 
some specified diameter or a sphencal-tipped conical diamond of 120 deg angle and 0 2 mm tip 
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radius, called a “Bralc". A minor load of 10 kg is first applied which causes an initial penetration 
and holds the indentor in place. Under this condition, the depth-measuring scale is set to its 
arbitrar\- ma.\imum value of 130 if any of the balls arc used, or to 100 if the Bralc is used A 
major load of 60 100, or 150 kg is then applied under dashpot control and then removed, returning 
to the minor load of 10 kg The hardness number may then be read dirceth’ from the scale which 
measures penetration, and this scale is so arranged that soft materials with deep penetrations give 
low-hardness numbers. As compared with the Brincll test, the Rockwell method makes a smaller 
indentation, may be used on thinner material, and is much more rapid since hardness numbers are 
read dircclK and need not be calculated. Tlie relation among the scales of various hardness 
methods is not exact, since no two measure exactly the same sort of hardness, and a rcla!ionshi|r 
determined on steels of different hardnesses is only approximately true with other materials. The 
Brmell-Rockwcll relation is fairly satisfactory and is shown in Figure 1. |Rcf 2: p 5-16| 



Figure 1. Hardness Scales 


J. Joint Conductance 

What follows in this section is based on work in thermal contact by Professor M M 
Yovanovich of tiic University of Waterloo, in Waterloo, Ontario. 

Once the microhardness, H, the thcnnal conductivity, k, and surface roughness, S,. 
arc determined for both surfaces, and interstitial fluid trapped between the tw'o surfaces, if any, is 
identified, we can proceed with calculations to determine the joint conductance. Additional 
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information required includes the contact pressure of the surfaces, P, the apparent contact area of 
the tv .0 surfaces, Aa, and temperature of the surfaces. We define the joint conductance, h, as 
follows with he being the contact conductance and hgbeing the gap conductance: 

h = he + hg (6) 


(1) Contact Conductance. The first step in calculating the contact conductance is to 


determine the mean thermal conductivity, k^, of the two surfaces. 

2(k.)(k.) 


ks - 


k\ + ki 


(7) 


The hardness of the softer material is then utilized to find P/H. The value for P/H and the 
measured readings for surface roughness of the materials are input into the following equation 

which is then solved for he, the contact conductance: 

, (1.25)ks[P/H]’' 

he = ^ (8) 

iJr 

(2) Gap Conductance. For a complete explanation and derivation for the gap 
conductance, refer to works by Professor Yovanovich. For the purposes of this thesis, the 
mterstitial space is assumed to be a vacuum and hg, the gap conductance, is assumed to be zero. 

2. Integrated Thermal Analysis System 

The Integrated Thermal Analysis System (ITAS) was developed by the Analytix 
Corporation in 1988. ITAS was developed to tissist spacecraft designers in all tasks in thermal 
design modeling from geometry generation to results post-processing for various engineering 
computations. These computations include orbital analysis, thermal analysis, contamination 
evolution, plume impingement, etc. The current interactive version of the code fully supports all 
capabilities relevant to the spacecraft thermal analysis, namely, view factors (contour integration 
and ray tracing), shadow factors (blockage), on-orbit incident flux determination for various 
onentations, radiation interchange factors, on-orbit absorbed heat-rates calculations in addition to 
steady-state and/or transient temperature computations. There are other capabilities that may be 
reviewed in the ITAS Users Manual and are not discussed further here. 
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ITAS is an integrated, interactive, and fairly user-friendly code Once started, the user 
ma\ select various options from well designed color menus, depending on the purpose, to calculate 
or plot vanous parameters interactively. No special compiler or linker program is necessarv to run 
ITAS. which simplifies the loading and running of the mam program. No in-depth knowledge of 
DOS is required, although an understanding of the basic concepts of heat transfer is necessarv for 
some user provided calculations. 

Utilizing ITAS begins with generation of the geometric model. ITAS mav be used to 
interactively generate surface geometry models from “primitives” (basic shapes). These shapes 
include polygons, boxes, disc’s, cones, cylinders, paraboloids, spheres, any generic surface of 
revolution, generic boxes of any cross-section, and elbows of any angle. All shapes generated are 
stored m a file called a PARTS file. A PARTS file may consist of 1000 or more parts (the 
number of parts is limited only by the available disc space) and any number of parts may be chosen 
for building a geometnc model. The parts generated may then be selectively plotted for model 
building. Once a model is displayed on the screen, surface node numbers and user-assigned 
thermal node numbers are assigned to the active surfaces in the geometnc model. 

Once the geometric model is built and surface nodes generated, material properties may 
be assigned to each surface or node via a reference number from the internal ITAS material 
property library Two sets of material property libraries may be accessed from within the ITAS: 
the optical characteristics library and the physical property library . 

The optical library currently contains about four hundred solar absorbtivity and 
emissivity pairs for coatings and other surfaces and their finishes from white paint to many 
vanations of metallic surfaces. The optical property library may be accessed from different 
locations within the program, enablmg the user to utilize the information withm without leaving the 
main routine When a material I D is entered for a particular surface, the program will 
automatically assign those optical properties to the surface for all calculations. The contents of the 
library may be updated by the user. 

The physical property library provides information-only data to the user. There are over 
eleven hundred material entnes in this library The followmg matenal properties may be obtained 
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from this database: thermal conductiviU, specific heat, densifr, latent heat, and maximum or 
transition temperatures of a specific material. Some of these values are later used in calculations 
for conductive relationships. Once the geometric model with ITAS generated surface nodes and 
their associated material properties are entered, then user-defined nodes are entered b\ the user. 

User-nodes are non-geometric nodes and, therefore, do not have any “physical” presence 
(surface) in ITAS. These nodes are used for mathematically connecting all the surfaces m the 
geometric model and any other surfaces the user desires. Three types of thermal nodes are allowed 
in ITAS. First, Diffusion nodes are nodes with finite masses; Second, a Boundary node is a node 
where the temperature remains fixed at all times; Third, an Arithmetic node is a node with zero 
mass. The temperature response of an Arithmetic node is instantaneous. Arithmetic nodes exist 
mathematically in ITAS only, not as physical nodes. 

When all user-nodes are entered, conductive values must be calculated and entered for 
nodal connections. Except for some specialized situations, all conductance values must be pre¬ 
calculated by the user. The current version of ITAS will not automatically calculate the 
conductance between the nodes. 

The preceding paragraphs represent the minimum required tasks to be completed in 
order to execute an ITAS run. Other options are available with the problem dictating option usage. 
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II. THERMAL MODEL 


A. MATERIAL 

In order to create the thermal model, the materials for all components and structures must be 
selected, as well as their geometry. Judicious selection of nodes must be made as well as the 
following thermal model material parameters determined. [Ref 3: p. 435] 

• Strength 

• Stifl&iess. 

• Density (weight) 

• Thermal conductivity 

• Thermal expansion 

• Corrosion resistance 

• Cost 

• Fracture toughness 

• Ease of fabrication 

• Versatility of attachment options 

• Availability' 

In addition to the above mentioned mechanical and thermal properties of spacecraft 
materials, there are other properties of note such as ductility, brittleness, creep, and fatigue 
strength. 

Ductility measures the capacity of a material for inelastic deformation without rupture. 
Brittleness indicates little capacity for plastic deformation without ^lure. Ductility is measured 
by the percentage elongation of tensile test specimen after failure for a specified gauge length. 
Usually, a material having less than 5% elongation at fracture is said to be brittle and one having 
more is said to be ductile. 
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Creep is defined as the time-dependent deformation of a material under an applied load It is 
usualh' regarded as an elevated temperature phenomenon, although some materials also creep at 
room temperature. The results of tests of materials under a constant load and temperature are 
usually plotted as strain versus time up to ruptures. The plotted curve exhibits three distinct 
regions. The first stage includes both elastic and plastic deformities. This stage shows a 
decreasing creep rate which is due to the strain hardening. The second stage shows a constant 
minimum creep rate caused by the aimealing effect. In the third stage, a considerable reduction in 
the cross-sectional area occurs, resulting in an increase in stress and creep rate which eventually 
leads to fracture. 

In a tensile test, the load is applied gradually to the failure. Such load condition is known as 
static condition. A spacecraft is subjected to both static and dynamic loads. In a dynamic load, the 
stresses are repeated a large number of times, the actual maximum stress is below the ultimate 
strength of the material and quite frequently even below the yield strength. Such failures are called 
fatigue failures. 

A fatigue failure starts with a small crack. Once a crack has developed, the stress 
concentration effect becomes greater and the crack progresses more rapidly. As the stress area 
decreases in size, the stress increases in magnitude until the part fails suddenly. The failure is 
similar to brittle material fracture. 

For ferrous materials, the strength under repeated stresses is often referred to as the 
endurance limit. Endurance limit stress is the stress that can be repeated an infinite number of 
times without causing the fracture of the material. Nonferrous materials, such as aluminum alloys, 
do not have an endurance limit, as they continue to weaken when the stress cycles are repeated. 
Hence the fatigue strength is the maximum stress that can be repeated for specified number of 
cycles without producing the failure of the unit. 

Stress concentration may be caused by any discontinuity, such as holes, notches, and any 
abrupt changes in the cross section. Under steady loads, the effect of stress concentration is 
reduced due to the redistribution of the stresses in the region of the stress concentration, resulting 
from the plastic flow of the material when the maximum stress reaches the yield point. The effect 
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of the stress concentration on the brittle material, under a steady load, may be severe since veiy 
little plastic flow occurs. Under repeated loads, however, the endurance strength of even ductile 
material may be greatK reduced due to stress concentration. [Ref. 4: p. 244-248] 

1. Material Selection 

For structural and component housing designs, the engineer must consider optional 
matenals, types of structures, and construction methods by performing trade studies to compare 
weight and cost. Most metals are very nearly homogeneous, having constant properties throughout 
their composition, and isotropic, having the same properties regardless of direction. Non-metals 
are usually formed with composites, or blends of more than one material. Composite materials can 
be homogeneous or isotropic, but not generally. 

a, EPS Housing 

By far the most commonly used metallic material for spacecraft structures and 
housings is alumuium, of which there are many types and tempers. Aluminum is lightweight, 
strong, and readily formable. Aluminum and its alloys, numbering in the hundreds, are available in 
all common commercial forms. The metal does not oxidize progressively because, when exposed 
to air. a hard, microscopic oxide coating forms on the surface that seals the metal ifom the 
environment. The tight chemical bond of oxide is the reason that aluminum is not found in nature; 
it exists only as a compound. 

Aluminum-alloy sheet can be formed, drawn, stamped, or spun. Many wrought or 
cast aluminum alloys can be welded, brazed, or soldered, and aluminum surfaces readily accept a 
wide variety of finishes, both mechanical and chemical. Because of their high electrical 
conductivity', many aluminum alloys are used as electrical conductors. Aluminum reflects radiant 
energy throughout the entire spectrum, is non-sparking, and non-magnetic. 

Commercially pure aluminum has a tensile strength of about 13,000 psi. Cold¬ 
working the metal approximately doubles its strength. For greater strength, aluminum is alloyed 
with other elements such as manganese, silicon, copper, magnesium, or zinc. Like pure aluminum, 
the alloys can also be strengthened by cold-working. Some alloys are further strengthened and 
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hardened bv heat treatments At subzero temperatures, aluminum is stronger than at room 
temperature and is no less ductile Most aluminum alloys lose strength at elevated temperatures, 
although some retain significant strength to 500 deg. F. [Ref. 5: p. 48] 

For this thicsis. Aluminum 606i-T6 was chosen for the EPS housmg material. It is a 
wrought aluminum-alloy containing 61% aluminum, or alloy purity, designated by the third and 
fourth digits, with a combination of magnesium and silicon as the major alloying elements. The T6 
suffix in the designation number indicates that the alloy was solution-heat-treated and artificiall> 
aged. 


b. Printed Circuit Boards 

The printed circuit boards consist of six-layers with alternating levels of copper as 
the conductor and polyimide as the insulator, as shown in Appendix A. The copper is exposed on 
the bottom of the printed circuit board and the polyimide is exposed on the top of the circuit board. 
The top layer of polyimide is ‘scratched’ to allow for the uppermost layer of copper to be utilized 
as the signal layer for the components placed on the circuit board. The ground-layer of copper is 
the fourth layer from the top with the bottom layer of copper acting as the thermal plane. 

Copper and copper alloys are fabricated in rod, plate, strip, sheet, tube shapes, 
forgmgs, wire, and castings. These alloys are grouped according to composition into several 
general categories: coppers, high-copper alloys, brasses, leaded brasses, bronzes, aluminum 
bronzes, silicon bronzes, copper nickels, and nickel silvers. Copper and its alloys form adherent 
films that are relatively impervious to corrosion and that protect the base metal from further attack. 
The copper alloys are used where any of the following properties are needed; good thermal or 
electrical conductivity, corrosion-resistance, ease of forming, ease of joining, and color. On a 
volume basis, copper has the highest conductivity of any commercial metal. On the other hand, 
copper and its alloys have relatively low strength-to-weight ratios and low strengths at elevated 
temperatures. Some alloys are susceptible to stress-corrosion cracking unless they are stress 
relieved. Copper and its alloys can be hot or cold-worked, although they work-harden. Ductility 
can be restored by annealing or in heating mcident to welding or brazing operations. For our 
printed circuit board application as well as any application requiring maximum thermal or 
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electncal conductivit>’, the most widely used copper is C11000, known as "tough pitch" which 
contains approximately ,03% oxygen and a minimum of 99.9% copper. [Ref 5 . p 52] 

As already stated, polyimide was utilized for printed circuit board fabncation 
Polyimides are a family of some of the most heat and fire-resistant polymers known. Their 
excellent retention of mechanical £md physical properties at high temperatures is due to the nature 
of the aromatic raw' materials that are building blocks of polyimides. 

Polyimides are formulated as both thermosets, and thermoplastics. Moldings and 
laminates are generally based on thermoset resins, although seme are made from thermoplastic 
grades. Unlike most plastics, polyimides are available as laminates and shapes, molded parts, and 
stock shapes. Thin-film products such as enamel, adhesives, and coatings are usually derived from 
thciiiiopiastic polyumae resms. 

Laminates are based on continuous reinforcements including woven glass and quartz 
fabrics, or fibers of graphite, boron, quartz, or organic materials. Molding compounds contain 
discrete fibers such as chopped glass or asbestos, or particulate fillers such as graphite powder, 
MoS2, or PTFE. 

Polyimide laminates can operate continuously in air at 500 "F; service temperature 
for intermittent exposure can range from cryogenic to as high as 900 “F. Glass-fiber-reinforced 
versions retain over 70% of their flexural strength and modulus at 480°F. Creep is almost 
nonexistent, even at high temperatures, and deformation under load (4,000 psi) is less than .05% at 
room temperature for 24 hours. These materials have good wear resistance and low coefficients of 
friction, both of which are further improved by PTFE fillers. Electrical properties of polyimide 
laminates are outstanding over a wide range of temperature and humidity conditions. [Ref 5: p. 
115] 
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B. GEOMETRY 


1. EPS Housing 

The EPS iiousing encases tlic Electrical Power System and is located on the -Y side of 
the upper equipment plate. The EPS will have a maximum mass of 5 Ibm. the EPS must remain 
statically and dynamically within the mounting envelope. Thus, the thickness of tJic EPS walls 
must be calculated so as to meet these design criteria. Mounting of the EPS to tlie upper 
equipment plate will be by means of stainless steel screws into tlie upper equipment plate. The 
EPS housing is to have a mounting surface which is to contact the lower side of tlie equipment 
plate with a required flatness to within .002 in. over its length and widtli. The actual dimensions of 
the EPS, as well as the EPS housing location within PANSAT, arc shown in Appendix B. 

The EPS housing is thermally modeled in the ITAS system as a 6-sidcd box with the 
dimensions of 9 in. in the X-dircction, 8 in. in tlie Y-dircction, and 1.569 in. in the Z-dircction For 
more precise mathematical construction, the +Y and -Y sides of the EPS housing were divided into 
four distinct physical and mathematical nodes. Tliis geometry is shown in Figure 2. 



As can be seen in tlie figure, tliis results in the EPS housing having 12 physical nodes. It 
should be noted that these 12 nodes represent the inside-surfaces of the EPS housing since this 
thesis is concerned only with the inward-viewing geometry. Outside surface nodes would be 
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required if it were necessary to calculate the radiant thermal flux from other spacecraft 
components. 

2. Printed Circuit Boards 

There were several questions to address m the modeling of the printed circuit boards 
The first question was whether or not to model the two circuit boards within the EPS as one-sided 
or two-sided for purposes of ITAS calculated view factors. The second question dealt with the 
determination of the number of physical nodes each circuit board would require tor precise 
measurements. Once the number of nodes were determined, in what shapes would these nodes be'’ 
Lastly, once the overall thickness of the circuit boards was determined, how would each layer of a 
circuit board be modeled in relation to the other layers of the same board? 

It was determined that for the most accurate measurements, the circuit boards would be 
modeled as 2-sided for view -factor and shadow -factor computations. After examination of both 
the upper and lower circuit board layouts and the power dissipation for each component on each 
board, a physical breakdown into nodes was completed. The printed circuit board layouts, power 
dissipation requirements, and nodal breakdowns for both boards can be found in Appendix A. The 
upper circuit board was modeled as two separate polygons with a total number of 18 physical 
nodes while the lower board was modeled as a single polygon and divided into 12 physical nodes 
Nodal breakdowns for both boards was based on attempting to maximize the number of nodes for 
the sake of accuracy, while striving to minimize the number of nodes for sake of convenience and 
ease of calculation. These two somewhat contradictory approaches yielded the results shown. For 
both circuit boards, all physical nodes were rectangular, a construct which greatly reduces the 
number of user calculations. 

The overall thickness of both circuit boards was determined to be .062 in. The copper 
layers were of the 1 ounce type which means that the thickness would be that of 1 ounce of copper 
over a 1 sq. ft. area. Using the density of copper at 20 "C, yielding 8.96 g/cm\ and converting to 
oz/ft’ resulted m a density of 8,949 oz/ft’. Solving for the volume, and thus the thickness: 


16 



M 

DLW 


loz 

(8949oz///^)(l//)(l/0 


= 00011// 


t= .00134 in. 

This is the thickness for one layer of the copper. Multiplying by 3 yielded the thickness for all 
copper layers. Subtracting this from .062 and dividing that number by 3 yielded a thickness for 
each polyimide layer of .01933 in. These thicknesses will be used later in calculation of flux areas 
for thermal conductivity between nodes. 

For the modeling of the circuit board layers, each layer was given the identical gcometrx 
For the top printed circuit board, the bottom layer of thermal plane copper was numbered from 601 
to 618 with next layer up being a polyimide layer with node numbers of 501 to 518 This 
numbering system was continued with each subsequently higher layer numbenng m the 400's. 
300's, 200's, and lOO’s. This same numbering technique was used in the bottom board as well 
with the layers numbered from the 1600's to 1100. 


C. THERMAL NODES 

1. Node Deflnitions 

Appendix C contains a listing of all FTAS generated surface numbers and the user¬ 
generated node numbers that were assigned to them. These user node assignments are made m 
Older to create a mathematical node for each surface for thermal calculations All EPS housing 
thermal nodes were given 900 series numbers, from 901 to 912. Node no. -913 was mput as the 
thermal node for the bottom of the upper equipment plate. Thus, the EPS housing-PANSAT 
thermal interface will be between the 906 and -913 nodes. Recall that the minus sign in front of 
913 indicates that particular node will have a constant temperature. 

In addition to the physical nodes that were created geometrically in IT AS, several more 
mathematical nodes were created in order to more effectively model the overall system The inside 
geometry of the model can be seen in Appendix D. What this will show is a simple line schematic 
of a box with two flat (thin) surfaces representing the printed circuit boards This model is 
constructed this way, as mentioned earlier, to calculated the view and shadow factors internal to 
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the EPS Howev er, the actual phv sical contact between the printed circuit boards and the housing 
occurs along ledges that the pnnted circuit boards rest upon along the +Y and -Y sides of the 
housing In addition to these ledges, there are mechanical devices which, when screwed down, 
w edge against the top of the pnnted circuit boards and the housing overhang to secure the pnnted 
circuit board These rails were assigned node numbers as follows; 

• +Y bottom rail; 921 

• +Y middle rail; 922 

• +Y top rail; 923 

• -Y bottom rail 924 

• -Y middle rail; 925 

• -Y top rail; 926 

These nodes will provide a means of calculating the conductance from the bottom portion 
of both PCB's copper thermal planes to the EPS housing. There will also be some conductance 
from the top laver of polyimide on both PCB's to the railing nodes via the screw attachments 
wedged against the top of the board, though these values would be expected to be verv small 


2. Node Conductance Calculations 

There were 8 different node calculation variations; Housing to housing: housing to 
PANSAT upper-equipment plate; railing to housuig; PCB copper thermal-layer to railing: PCB top 
polyimide-layer to railing; PCB copper-layer; PCB polyimide-layer; PCB copper-layer to 
polyimide-layer For the purposes of calculations, thermal nodes are physically located in the 3- 
dimensional center of each physical surface A general desenption of each calculation vanation is 
included below, and a listing of ITAS conductance entnes is uicluded as Appendix E 

Recall that the general formula for the calculation of mpHnrtivitv between two nodes 
in a solid medium is 


K 


L 


The general method for calculating the conductance between 2 nodes where 2 surfaces 
arc in contact is as follows First, calculate the conductance from 1 node to the surface interface 
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This IS calculated using equation (5). Repeat this for the second node to surface interface, then 
calculate the contact conductance for the two surfaces as discussed in the background section 
Once these 3 conductance's are calculated, solve the following equation for the overall conductance 
between the 2 nodes. 


1 

Ki ^ /j/ Ki 


(9) 


CL Housing to Housing Node Calculations [Ref Table 1] 

Conductances were calculated using equation (5) and the following thermal 


conductivits of aluminum: 


W W 

k = 170—— = 4.31--— 
m C in C 


b. EPS Housing to PANSA T Upper Equipment Plate 

To calculate the conductance through the equipment plate, it was assumed that the 
equipment plate thickness was .125 in. yielding a value for L of .0625. With a total area of contact 
of 72 in.3 Using the same thermal conductivity of k as from part a., we obtain K| = 4965 W/°C 
To calculate the conductance through the top of the EPS housing, A = 72 in' and 
L = 0995 in. were used, yielding Ka = 3118.79 W/°C. To solve for the contact conductance, the 
following parameters were assumed: P = 10 psi; H = ! 180 x 10* n/m^ S, = 7 microm. These 
values yielded he = 134 136 W/°C. Now, solving for Ke,: 

K = 125 wre 


c. Railing to Housing Conductances [Ref Table 2] 

Although the railing nodes are mathematically distinct from the housing nodes, the 
physical reality is that the railings are not separate from those walls Thus, the conductance 
calculations do not include contact conductances. 
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TABLE 1. HOUSING TO HOUSING NODE CONDUCTANCES 


FROM 

NODE 

TO 

NODE 

AREA (in^) 

LENGTH (in) 

K (W/°C) 

901 

905 

0.3138 

5.1250 

0.2638 

901 

906 

1.5440 

5.2845 

1.2592 

901 

911 

0.3138 

5.1250 

0.2638 

901 

912 

1.5440 

5.2845 

1.2592 

902 

903 

0.3138 

2.2500 

0.6011 

902 

906 

0.4342 

4.7845 

0.3911 

902 

907 

0.3138 

5.1250 

0.2638 

902 

912 

0.4342 

4.7845 

0.3911 

903 

904 

0.3138 

2.2500 

0.6011 

903 

906 

0.4342 

4.7845 

0.3911 

903 

912 

0.4342 

4.7845 

0.3911 

904 

905 

0.3138 

2.2500 

0.6011 

904 

906 

0.4342 

4.7845 

0.3911 

904 

912 

0.4342 

4.7845 

0.3911 

905 

906 

0.4342 

4.7845 

0.3911 

905 

912 

0.4342 

4.7845 

0.3911 

908 

906 

0.4342 

4.7845 

0.3911 

908 

909 

0.3138 

2.2500 

0.6011 

908 

912 

0.4342 

4.7845 

0.3911 

909 

906 

0.4342 

4.7845 

0.3911 

909 

910 

0.3138 

2.2500 

0.6011 

909 

912 

0.4342 

4.7845 

0.3911 

910 

906 

0.4342 

4.7845 

0.3911 

910 

911 

0.3138 

2.2500 

0.6011 

910 

912 

0.4342 

4.7845 

0.3911 

911 

906 

0.4342 

4.7845 

0.3911 

911 

912 

0.4342 

4.7845 

0.3911 


TABLE 2. RAILING TO HOUSING NODE CONDUCTANCES 


From Node 

To Node 


Length (in) 

K (W/°C) 

921 

901 

0.0625 

4.6000 

0.0585 

921 

902 

0.0625 

4.6000 

0.0585 

921 

903 

0 5625 

0.2250 

10.7750 

921 

904 

0.5625 

0.2250 

10.7750 

921 

905 

0.5625 

0.2250 

10.7750 

921 

906 

0.5625 

0.2250 

10.7750 
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921 

912 

2.2500 

0.2440 

39.7438 

922 

901 

0.1720 

4.6000 

0,1611 

922 

902 

0.1720 

4.6000 

0.1611 

922 

903 

1.5480 

0.2250 

29.6528 

922 

904 

1.5480 

0.2250 

29.6528 

922 

905 

1.5480 

0.2250 

29.6528 

922 

906 

1.5480 

0.2250 

29.6528 

923 

901 

0.1252 

4.6000 

0.1173 

923 

907 

0.1252 

4.6000 

0.1173 

923 

902 

1.1272 

0.2250 

21.5921 

923 

903 

1.1272 

0.2250 

21.5921 

923 

904 

1.1272 

0.2250 

21.5921 

923 

905 

1.1272 

0.2250 

21.5921 

923 

906 

2.2500 

0.3470 

27.9466 

924 

901 

0.0625 

4.6000 

0.0585 

924 

907 

0.0625 

4.6000 

0.0585 

924 

908 

0.5625 

0.2250 

10.7750 

924 

909 

0.5625 

0.2250 

10.7750 

924 

910 

0.5625 

0.2250 

10.7750 

924 

911 

0.5625 

0.2250 

10.7750 

924 

912 

2.2500 

0.2440 

39.7438 

925 

90- 

0.1720 

4.6000 

0.1611 

925 

907 

0.1720 

4.6000 

0.1611 

925 

908 

1.5480 

0.2250 

29.6528 

925 

909 

1.5480 

0.2250 

29,6528 

925 

910 

1.5480 

0.2250 

29.6528 

925 

911 

1.5480 

0.2250 

29.6528 

926 

901 

0.1252 

4.6000 

0.1173 

926 

907 

0.1252 

4.6000 

0.1173 

926 

908 

1.1272 

0.2250 

21.5921 

926 

909 

1.1272 

0.2250 

21.5921 

926 

910 

1.1272 

0.2250 

21.5921 

926 

911 

1.1272 

0.2250 

21.5921 

926 

906 

2.2500 

0.3470 

27.9466 


d. PCB Copper to Railing Conductances 

(1) Top PCB Thermal Plane Copper to Railing. Assumptions: 
P = 10 psi 

Sr (both) = 7 microm 
H.I- 1180x 10"n/m‘ 
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Leu = 00067 in. 

Lra,! = .344 in. 
keu = 9.65 W/in°C 
kai = 4.31 W/in°C 

Thus: he = 2.574 W/in-“C 


TABLE 3. TOP PCB THERMAL PLANE COPPER TO RAILING COPPER TO 

RAILING CONDUCTANCES 


FROM NODE 

TO NODE 

AREA (in^) 

he 

Ki(Cu) 

K2(A1) 

Ko 

601 

925 

0.3750 

0.9652 

5,401 

4.6984 

0.8007 

602 

925 

0.6000 

1.5444 

8,641 

7.5174 

1.2811 

603 

925 

0.6062 

1.5604 

8,731 

7.5957 

1.2945 

604 

925 

0.9187 

2.3648 

13,232 

11.5110 

1.9620 

614 

922 

0.1875 

0.4826 

2,700 

2.3490 

0.4003 

615 

922 

0.2500 

0.6435 

3,600 

3.1320 

0.5338 

616 

922 

0.3437 

0.8848 

4,951 

4.3068 

0.7340 

617 

922 

0.6550 

1.6859 

9,433 

8.2065 

1.3986 

618 

922 

0.8125 

2.0913 

11,702 

10.1798 

1.7351 


(2) Bottom PCB Thermal Plane Copper to Railing. Assumptions are the same as in 

(1), above. 


TABLE 4. BOTTOM PCB THERMAL PLANE COPPER TO RAILING 

CONDUCTANCES 


FROM NODE 

TO NODE 

AREA (in^) 

he 

Ki(Cu) 

K2(A1) 

Ko 

1601 

924 

0.6250 

1.6087 

9,007 

21.5500 

1.4967 

1602 

924 

0.7187 

1.8500 

10,352 

24.7825 

1.7123 

1603 

924 

0.5625 

1.4478 

8,101 

19.3950 

1.3470 

1604 

924 

0.3437 

0.8848 

4,951 

11.8525 

0.8232 

1609 

921 

0.6250 

1.6087 

9,001 

21.5500 

1.4967 

1610 

921 

0.7187 

1.8500 

10,352 

24.7825 

1.7213 

1611 

921 

0.5625 

1.4478 

8,101 

19.3950 

1.3470 

1612 

921 

0.3437 

0.8848 

4,951 

11.8525 

0.8232 


e PCB Polyimide to Railing Conductances 

(1) Top PCB. Assumptions: 

P = 10 psi 

Sr (both) = 7 microm 
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Hpoiy= 1537 x lO'^N/m- 
Uaii = -344 in, 

Lpoiy = .00966 in. 
kpciy = .2 W/m°C 


Thus, he = .004378 W/in^“C 


TABLE 5. TOP PCB PO 


YIMIDE LAYER TO RAILING CONDUCTANCES 


FROM 

NODE 

TO 

NODE 

AREA(in^) 

he 

Ki(Poly) 

K2(AI) 

Ko 

101 

926 

0.3750 

0.0016 

0.1940 

6.4520 

0.0016 

msm 

926 

0.6000 

0.0026 

0.3100 

10.3233 

0.0026 

IE9 

926 

0.6062 

0.0026 

0.3130 

10.4308 

0.0026 

104 

926 

0.9187 

0.0040 

0.4750 

15.8076 

0.0039 

114 

923 

0.1875 

0.0008 

0.0970 

3.2260 

0.0008 

115 

923 

0.2500 

0.0011 

0.1290 

4.3013 

0.0010 

116 

923 

0.3437 

0.0015 

0.1770 

5.9144 

0.0014 

117 

923 

0.6550 

0.0028 

0.3390 

11.2696 

0.0028 

118 

923 

0.8125 

0.0035 

0.4200 

13.9775 

0.0035 


(2) Bottom PCB. Assumptions are the same as above. 


TABLE 6. BOTTOM PCB POL YIMIDE LAYER TO RAILING CONDUCTANCES 


FROM 

NODE 

TO 

NODE 

HSII 

he 



Ko 

1101 

925 

0.6250 

0.0027 

0.3234 

7.8306 

0.0027 


925 

0.7187 

0.0031 

0.3720 

9.0052 

0.0031 


925 

0.5625 

0.0024 

0.2911 

7.0476 

0.0024 

1104 

925 

0.3437 

0.0015 

0.1779 

4.3068 

0.0014 

1109 

922 

0.6285 

0.0027 

0.3234 

7.8306 

0.0027 

1110 

922 

0.7187 

0.0031 

0.3720 

9.0052 

0.0031 

1111 

922 

0.5625 

0.0024 

0.2911 

7.0476 

0.0024 

1112 

9'’2 

0.3437 

0.0015 

0.1779 

4.3068 

0.0014 


f. PCB Copper-layer Conductances 
(1) Top PCB. 


23 

































TABLE 7. TOP PCB COPPER-LAYER CONDUCTANCES 


FROM 

NODE 

TO 

NODE 

AREA (in^) 

LENGTH (in) 

K (W/°C) 

601 

602 

0.0033 

1.9500 

0.0165 

601 

605 

0.0020 

2.6250 

0.0073 

602 

603 

0.0033 

2.4125 

0.0134 

602 

606 

0.0033 

2.6250 

0.0118 

603 

604 

0.0033 

2.5500 

0.0126 

603 

607 

0.0032 

2.6250 

0.0119 

604 

608 

0.0035 

2.6250 

0.0131 

605 

606 

0.0036 

1.9500 

0.0182 

605 

609 

0.0010 

2.0312 

0.0030 

605 

610 

0.0010 

2.0312 

0.0030 

606 

607 

0.0036 

2.4125 

0.0148 

606 

610 

0.0003 

2.0312 

0.0015 

606 

611 

0.0018 

2.0312 

0.0087 

606 

612 

0.0010 

2.0312 

0.0049 

607 

608 

0.0036 

2.5500 

0.0139 

607 

612 

0.0024 

2.0312 

0.0117 

607 

613 

0.0007 

2.0312 

0.0036 

608 

613 

0.0035 

2.0312 

0.0170 

609 

610 

0.0017 

0.8750 

0.0194 

609 

614 

0.0010 

1.3750 

0.0045 

610 

611 

0.0017 

1.1875 

0.0143 

610 

615 

0.0013 

1.3750 

0.0094 

611 

612 

0.0017 

2.0000 

0.0085 

611 

616 

0.0018 

1.3750 

0.0129 

612 

613 

0.0017 

2.9375 

0.0057 

612 

617 

0.0035 

2.9375 

0.0115 

613 

618 

0.0043 

1.3750 

0.0305 

614 

615 

0.0019 

0.8750 

0.0212 

615 

616 

0.0019 

1.1875 

0.0182 

616 

617 

0.0019 

2.0000 

0.0108 

617 

618 

0.0019 

1.3750 

0.0157 


These conductances were utilized for all three copper layers of the top printed 

circuit board. 


(2) Bottom PCB. 
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TABLE 8. BOTTOM PCB COPPER-LAYER CONDUCTANCES 


FROM 

NODE 

TO 

NODE 

AREA (in^) 

LENGTH (in) 

K (W/°C) 

1601 

1602 

0.0033 

2.3750 

0.0136 

1601 

1604 

0.0046 

2.6875 

0.0168 

1602 

1603 

0.0033 

2.2500 

0.0143 

1602 

1605 

0.0016 

2.6875 

0.0060 

1603 

1606 

0.0043 

2.6875 

0.0156 

1604 

1605 

0.0038 

2.3750 

0.0156 

1604 

1607 

0.0046 

2.5625 

0.0176 

1605 

1606 

0.0038 

2.2500 

0.0165 

1605 

1608 

0.0016 

2.5625 

0.0063 

1606 

1609 

0.0043 

2.5625 

0.0164 

1607 

16u8 

0.0030 

2.3750 

0.0122 

1607 

1610 

0.0046 

1.8125 

0.0249 

1608 

1609 

0.0030 

2.2500 

0.0129 

1608 

1611 

0.0016 

1.8125 

0.0089 

1609 

1612 

0.0043 

1.8125 

0.0231 

1610 

1611 

0.0018 

2.3750 

0.0074 

1611 

1612 

0.0018 

2.2500 

0.0079 


These conductances were utilized for all three copper-layers of the bottom printed 

circuit board. 


g. PCB Polyintide-layer Conductances 
(1) Top PCB. 


TABLE 

9. TOP PCB POL YIM 

IDE-LAYER CONDUCTANCES 

FROM 

NODE 

TO 

NODE 

AREA (in^) 

LENGTH (in) 

K (W/®C) 

501 

502 

0.0483 

1.9500 

0.00012 

501 

505 

0.0289 

2.6250 

0.00005 

502 

503 

0.0483 

2.4125 

0.00010 

502 

506 

0.0463 

2.6250 

0.00008 

503 

504 

0.0483 

2.5500 

0.00009 

503 

507 

0.0468 

2.6250 

0.00009 

504 

508 

0.0517 

2.6250 

0.00009 

505 

506 

0.0531 

1.9500 

0.00013 

505 

509 

0.0145 

2.0312 

0.00003 

505 

510 

0.0145 

2.0312 

0.00003 
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506 

507 

0.0531 

2.4125 

0.00011 

506 

510 

0.0048 

2.0312 

0.00001 

506 

511 

0.0265 

2.0312 

0.00006 

506 

512 

0.0149 

2.0312 

0.00003 

507 

508 

0.0531 

2.5500 

0.00010 

507 

512 

0.0357 

2.0312 

0.00008 

507 

513 

0.0111 

2.0312 

0.00002 

508 

513 

0.0517 

2.0312 

0.00012 

509 

510 

0.0253 

0.8750 

0.00014 

509 

514 

0.0144 

1.3750 

0.00005 

510 

511 

0.0253 

1.1875 

0.00010 

510 

515 

0.0193 

1.3750 

0.00007 

511 

512 

0.0253 

2.0000 

0.00006 

511 

516 

0.0265 

1.3750 

0.00009 

512 

513 

0.0253 

2.9375 

0.00004 

512 

517 

0.0507 

2.9375 

0.00008 

513 

518 

0.0628 

1.3750 

0.00023 

514 

515 

0.0277 

0.8750 

0.00016 

515 

516 

0.0277 

1.1875 

0.00011 

516 

517 

0.0277 

2.0000 

0.00007 

517 

518 

0.0277 

1.3750 

0.00010 


These conductances were utilized for all three polyimide-layers of the top printed 

circuit board. 


(2) Bottom PCB. 


IBLE 10. 

BOTTO 

IM PCB POLY 

[MIDE-LAYER CONDUCTANC 

FROM 

NODE 

TO 

NODE 

AREA (in^) 

LENGTH (in) 

K (W/”C) 

1101 

1102 

0.0483 

2.3750 

0.00010 

1101 

1104 

0.0676 

2.6875 

0.00012 

1102 

1103 

0.0483 

2.2500 

0.00010 

1102 

1105 

0.0241 

2.6875 

0.00004 

1103 

1106 

0.0628 

2.6875 

0.00011 

1104 

1105 

0.0676 

2.5625 

0.00013 

1104 

1107 

0.0555 

2.3750 

0.00011 

1105 

1106 

0.0555 

2.2500 

0.00012 

1105 

1108 

0.0241 

2.5625 

0.00004 
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1106 

1109 

0.0628 

2.5625 

0.00012 

1107 

1108 

0.0676 

1.8125 

0.00018 

1107 

1110 

0.0434 

2.3750 

0.00009 

1108 

1109 

0.0434 

2.2500 

0.00009 

1108 

1111 

0.0241 

1.8125 

0.00006 

1109 

1112 

0.0628 

1.8125 

0.00017 

1110 

1111 

0.0265 

2.3750 

0.00005 

1111 

1112 

0.0265 

2.2500 

0.00005 


These conductance’s were utilized for all three polyimide-layers of the bottom printed 

circuit board. 

h. PCB Copper-layer to Polyimide-layer Conductances 
(1) Top PCB. Assumptions are as follows: 

P = 10 psi 

Hpoiy= 1537 x 10"nW 
Sr = 7 microm. 

Leu = .00067 in. 

Lpoiy = .00966 in. 

keu=4.31 W/inT 

kpu(y = .2 W/inT 
Yields: h‘= ,0034 W/in^“C 


These conductances are listed in Table 11 and were utilized for all copper-layer to 
polyimide-layer conductance relationships for the top PCB. 


TABLE 

1. TOPPCBCOPPEl 

R-LAYER TO POLYIMI 

DE-LAYER CONDUCTANCES 

FROM 

NODE 

TO 

NODE 

AREA(in^) 


Ki(Cu) 

K2(A1) 

K„ 

601 

501 

3.7500 

0.0127 

54,011 

1.9400 

0.0126 

602 

502 

6.0000 

0.0204 

86,417 

3.1000 

0.0202 

603 

503 

6.0620 

0.0206 

87,310 

3.1370 

0.0204 

604 

504 

6.6780 

0.0227 

96,312 

3.4610 

0.0225 

605 

505 

4.1250 

0.0140 

59,412 

2.1350 

0.0139 

606 

506 

6.6000 

0.0224 

95,059 

3.4160 

0.0222 

607 

507 

6.6680 

0.0226 

96,039 

3.4510 

0.0225 

608 

508 

7.3560 

0.0250 

105,948 

3.8070 

0.0071 

609 

509 

0.9840 

0.0033 

14,172 

0.5090 

0.0033 

610 

510 

1.3125 

0.0044 

18,903 

0.6790 

0.0044 
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611 

511 

1.8040 

0.0061 

25,982 

0.9330 

0.0060 

612 

512 

3.4780 

0.0118 

50,093 

1.8000 

0.0117 

613 

513 

4.2650 

0.0145 

61,428 

2.2070 

0.0144 

614 

514 

1.0780 

0.0036 

15,526 

0.5570 

0.0036 

615 

515 

1.4375 

0.0048 

20,704 

0.7440 

0.0048 

616 

516 

1.9760 

0.0067 

28,460 

1.0220 

0.0066 

617 

517 

3.8090 

0.0129 

54,860 

1.9710 

0.0128 

618 

518 

1.8040 

0.0061 

25,982 

0.9330 

0.0060 


(2) Bottom PCB. Assumptions made were the same as above in (I). 


TABLE 12. BOTTOM PCB COPPER-LAYER TO POLYIMIDE-LAYER 

CONDUCTANCES 


From node 

To Node 


he 

Ki(Cu) 

K2(A1) 

Ko 

1601 


8.7500 

0.0297 

126,026 

4.5200 

0.0295 


Wmm 

3.1250 

0.0106 

45,009 

1.6174 

0.0105 



8.1250 

0.0276 

117,024 

4.2054 

0.0274 

1604 

1504 

10.0625 

0.0342 

144,930 

5.2083 

0.0339 

1605 

1505 

3.5937 

0.0122 

51,760 

1.8601 

0.0121 

1606 

1506 

9.3437 

0.0317 

134,577 

4.8363 

0.0315 

1607 

1507 

7.8750 

0.0267 

113,423 

4.0760 

0.0266 

1608 

1508 

2.8125 

0.0095 

40,508 

1.4559 

0.0095 

1609 

1509 

7.3125 

0.0248 

105,321 

3.7849 

0.0247 

1610 

1510 

4.8125 

0.0163 

69,314 

2.4909 

0.0162 

1611 

1511 

1.7187 

0.0058 

24,755 

0.8896 

0.0058 

1612 

1512 

4.4687 

0.0151 

64,363 

2.3130 

0.0150 


These conductances were utilized for all copper-layer to polyimide-layer conductance 
relationships for the bottom printed circuit board. 


D. THERMAL MODEL PARAMETERS 

1. Boundary Conditions 

The boundary conditions for this steady-state thermal model involved both the 
temperature of the PANS AT upper-equipment plate and the amount of heat dissipated by printed 
circuit board electronic components. Boundary conditions were established for worst-case cold 
and worst-case hot conditions. For both cases, a starting temperature of 20°C was assigned to 
each surface node in the model. 
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a. Cold-Case 

For the cold-case, the thermal node for the upper equipment plate, node number 
-913, was set equal to a constant 0°C, For power dissipation in the printed circuit boards, it was 
assumed that any component with less than a 100% duty cycle would be off. Further, the amount 
of heat dissipated would be for the eclipse period of the orbit. 

b. Hot-Case 

For the hot-case, the thermal node for the upper equipment plate, node number 
-913, was set equal to a constant 40°C. For power dissipation in the printed circuit boards, it was 
assumed that every component would be on, with the amount of heat dissipated being that for the 
sunlit portion of the orbit. 

2 . ITAS Inputs 

a. Cold-Case 

ITAS cold-case data entries and inputs are given in Appendix F. 

b. Hot-Case 

ITAS hot-case data entries and inputs are given in Appendix G. Note that the 
hot-case data entry Appendix G contains only the changes to the cold-case data entry Appendix F. 
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III. RESULTS AND ANALYSIS 


A. ITAS OUTPUT 

Actual running time for ITAS modeling for both the hot and cold cases was less than 2 
minutes. By examining Appendices F and G it can be seen that ITAS first calculates the view- 
factor for each surface, then the radiated energy intercepted by that surface. Finally, the heat 
conduction for the model is calculated. Cold-case outputs can be found at the end of Appendix H 
and hot-case outputs are located at the end of Appendix I. 

B. ANALYSIS 

1. Cold-Case 

Examination of the ITAS calculated steady-state temperature for surfaces in the cold-case 
shows that temperatures range from a low of. 12^ at the top of the EPS housing to a high of 20‘’C 
m the PCB’s. This would seem to be a valid result since the largest possible heat transfer for this 
model should occur between nodes 906 and -913, the top of the EPS housing and the PANSAT 
upper equipment plate, respectively. With a constant temperature of 0°C for node -913, this node 
will act as a heat sink drawing heat away from the EPS housing due to the higher starting 
temperature of 20'’C for the EPS surfaces and the heat being dissipated in the PCB’s which will 
seek a conductive path to the heat sink. Since the conductive paths will allow only a finite amount 
of heat to be transferred in any given time, the relative temperatures of the surfaces illustrates a 
decreasing trend as a function of conductive path nearness to the upper-equipment plate. A 
complete listing of steady-state temperatures for each thermal node is given at the end of Appendix 
H, with a graphical representation of the temperature gradient utilizing selected nodes given m 
Figure 3. For both the cold-case and hot-case temperature gradient graphs, the paths selected 
represent worst-case paths for both the top and bottom printed circuit boards. This means that for 
the cold-case, starting at OX for node -913 to . 12^ for node 906, the thermal path for the top and 
bottom printed circuit boards then diverge to different nodes with the top printed circuit board 
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thermal path proceeding to node 925 and the bottom printed circuit board thermal path proceeding 
to node 924. For the hot-case, the procedure is similar. 



Figure 3. Cold-Case Temperature Gradient for Selected Nodes 


2. Hot-Case 

Examination of the ITAS calculated steady-state temperatures for surfaces in the hot case 
shows that temperatures range from a low of 20^ within the PCB’s to a high of 39 9rr for the 
top of the EPS housing at node 906, the interface with the upper-equipment plate. The explanation 
for these results is similar to that described above for the cold-case, except that in the hot-case the 
upper-equipment plate is acting as a heat source for the EPS housing and PCB’s. A complete 
listing of steady-state temperatures for each thermal node is given at the end of Appendix I, with a 
graphical representation of the temperature gradient utilizing selected nodes given in Figure 4. 


31 










NODE 

NUMBERS 


Figure 4. Hot-Case Temperature Gradient for Selected Nodes 

C. CONCLUSIONS 

It seems clear, given the results of this thermal model, that if only inward-viewmg geometry 
and conductance relationships were taken into consideration that the thermal profile of the EPS 
housing and its associated electronic components on the PCB’s would be at the mercy of the upper- 
equipment plate temperature. So large is the conductive path between the EPS housing and the 
upper equipment plate in companson with all other conductive relationships, and given that the 
upper-equipment plate temperature is determined by the overall PANSAT temperature, it is critical 
that the normal on-orbit operating temperature limits of PANSAT be determined to withm 10° of 
accuracy to preclude the possibility of electronic component failure. A reasonable first-order 
estimate of spacecraft temperature extremes can be obtamed by the process given in Reference 3, 
page 425 If it proves to be too difficult to determine the temperature extremes to within the 
desired accuracy range, additional measures might be necessary to ensure EPS thermal integrity . 
Such measures might include the application of grease to the EPS-housing / upper-equipment plate 
uiterface, EPS specific heaters (mounted to the upper-equipment plate or the EPS housmg itself). 
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additional insulation for the housing, or an mcrease in the active control of the overall PANS AT 
thermal environment. 

D. RECOMMENDATIONS 

It IS recommended that this thermal model be incorporated into the larger overall thermal 
model of the PANSAT. This could be accomplished most efficiently by utilizing this model as one 
of many modules with each module representing the major subsystems and components of the 
PANSAT Further, it is desirable that a thermal test of the EPS system hardware be conducted m 
a vacuum chamber to test the closeness of the software modeling result‘d to a “real-world” test of a 
physical system 
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EPS Switch Board 


Component 


Inductor 


Transient Voltage Suppressor _ 

Ultra Fast Recovery Diode _ 

12v Zener Bi-Oirectional 


PMOSFe I Gate Bias Resister 


PMOSFET Gate Bias Resister 


NMOSFe I Gate Protection Resister 


PMOSFET 


NMOSFET _ 

Pico Fuse ~ 


I Designator I Subcircuit 


II1A 
iTVSIA 
IUFR1A 
IOTA— 


IRIA 


‘R2A 


IR3A 


IT1A 


IT2A 

!F1A 


Inouctor _ iiiB 

Transient Voltage Suppressor !TVS1B 

Ultra Fast Recovery Diode _ lUFRlB 

12v Zener Bi-Oirectional _ |D1B 

PMOSFET Gate Bias Resister |R1B 

PMOSFET Gate Bias Resister IR2B 

NMOSFET Gate Protection Resister IR3B 

PMOSFET iTiB- 

NMOSFET !T2B 

Pico Fu se ' :fib 

induCTor _ i|ic 

Transient Voltage Suppressor _ TVSIC 

Ultra Fast Recovery Diode _ 1 UFRIC 

12v Zener Bi-Directional ID1C 

PMOSFET Gate Bias Resister IRIC 

PMOSFET Gate Bias Resister IR2C 

NMOSFET Gate Protection Resister IR3C 
PMOSFET ITTc 

NMOSFET !T2C 

Pico Fuse !F1C 

inductor _ me 

Transient Voltage Suppressor _ iTVSIC 

Ultra Fast Recovery Diode _ IUFRIC 

12v Zener Bi-Directional _ ID1C 

PMOSFET Gate Bias Resister IRIC 


IDCSA Power Switch 


IDCSB Power Switch 


IRF Power Switch - Rx only 


IRF Power Switch - Rx and Tx 


I Duty cycle Power I Power 

Dissipation, Bus •> I Dissipation, Bus < 


|X-Coord lY-Coord 




0 , 002 ! 
0.0001 


0,0031 
0,006! 
0.000; 


0 . 002 ! 
0.0001 
0.003! 


0.0061 
0.0001 


0.0881 


0.001! 
0.0001 


0.0031 
0.0091 
0.0001 


0 . 001 ! 
0.0001 
0.0031 


0.0091 


0.0001 


0.015! 


0.1381 


2.2001 


2.9251 

1.8251 

1.6501 

3.0251 

ZS50I 

1.6501 

2.3751 

1.7751 

3.1501 


2.2001 

2.9251 

1.S25i 

1.6501 

3.0251 

2.8501 

1.6501 


2.3751 


1.775i 

3.150! 


2.2001 

2.925! 

1.825! 

1.6501 

3.025! 

2.850! 

1.6501 

2.375! 

1.7751 

3.1501 


8.900! 


3.6371 

8.600! 

8.125! 

7.250! 

7.075! 

7.5751 

7.8501 
7.0001 
8.0751 


6.4751 

6 . 212 ! 

6.175! 

5.7001 

4.8251 

4.650! 

5.150! 


5.425! 


4.5751 

5.650! 


4.0501 

3.787 

3.7501 

3.275 

2.4001 

2.225 
2.725' 
3.000! 
2.150! 

3.225 












EPS Switch Board 


Component 

1 Designator! Subcircuit [Duty cycle 1 Power IPower 

1 1 j Dissipation, Bus >1 Dissipation, Bus* 

- -!-—-_i_HSVtSunlitl il2VfEeliDsei 

X-Coord 

Y-Coord I 

1 

j 

PMOSf-cl Gate Bias Resister 

IR2C 


30! 

0.0001 

0.0001 



hiMOSPET Gate Protection Resa 

ierlR3C 

' ** 1 

301 

0.003 

0.003! 



PMOSFST 

IT1C 

1 •• 

301 

0.0141 

0.021 




NMOSf-hl 

iT2C 

** 1 

301 

0.0001 

0.000! 



Kicohuse IF1C “ ^ ;-"j-;-;- 

Inductor 

II1D 

: CHARG Battery A Power Switen ■ 

601 

1 

0.012! 

N/A 

4.300 

1 

8.900! 


Transient Voltage Suppressor 

;tvsid 

1-0 


! 


5.025 

8.637! 


Ultra Fast Recovery Oiooe 

lUFRID 

-0 


1 

- 

3.925! 

8.600! 


t2v Zener Bi-Oirectional 

:D1D 

1-0 


1 

•* 

3.750! 

8.125i 


PMuShci Ciate Bias Resister 

iRID 


601 

0.002! 

- 

5.1251 

7.2501 


PIviusl-bi uate Bias Resister 

'R2D 


60) 

0.000! 

- 

4.950) 

7.075i 

-— 

NMOSFe I Ciate Protection Resa 

terlR3D 


60 i 

0.0031 

0.003 

3.7501 

7.575! 


PMOSFET 

iTID 

•* 

60! 

0.008! 

- 

4.4751 

7.8501 


NMOSFbi 

!T2D 

' ** i 

601 

0.0001 


3.875! 7.0001 

Mco i-use iFW ' •' I I I -::- 

5.2501 8.1751 

--- ---—-- :_ I 

1 1 

inauaor 

lltE 

1 CHARG Battery B Poww Switch i 

601 

d.osbi 

N/A 

4.300! 6.475! 

Transient Voltage Suppressor 

ITVS1E 

i “ '-0 

: 

1 

•* 

5.025! 6.2121 

Ultra Fast Recovery Diode 

!UFR1E 

! •• .-0 

I 



3.925! 6.175! 

12v Zener Bi-Directional 

ID1E 

! “ —0 


1 

1 


3.7501 5.7001 

PMOSFb 1 uaie Bias Resister 

IR1E 

f *' 

601 

0.002! 

•• 

5,1251 4,825! 

PMOSFb 1 uaie Bias Resister 

iR2E 

1 ** i 

60' 

0.000! 


4.950) 4 650! 

NMOSf-tT Gate Protecton Resister IR3E 

—i— - 

60: 

0.0031 

0.003 

3.750! 

5.1501 


PNIUSPtl 

IT1E 

* ** 

60 1 

0.008! 

" 

4.4751 

5.425, 


IVMOSFt i 

IT2E 

t ** 

60: 

0.000! 


3.875! 

4.575: 


Pico Fuse 

IF1E 

1 " ; 


! 

•* 

5.250! 

5.650' 


U-^^__ i-^^^- 

inoucTor 

IMF 

' MUXA 

30. 

0.006! 

0.009 

8.400! 

8.875. 


T ransient Voltage Suppressor 

ITVS1F 

t-o 


1 


7.2971 

9.450. 


Ultra Fast Recovery Diode 

IUFR1F 

.-0 




8.125! 

9.225; 


12v Zener Bi-Directional 

ID1F 

! " .-0 




7.1751 

8.550 


PMOSFb! Gate Bias Resistei 

IR1F 

1 “ 1 

301 

0.002; 

0.001 

7.175! 

8.950. 


PMOSFh 1 Gate Bias Resister 

IR2F 

** 

301 

0.0001 

0.000 

7.4001 

8.9501 


INiviosPtT Gate Protection Resster !R3F 

1 •» 

30! 

0.003 i 

0.003 

7.225 

8.3751 


PMOSPtT 

iT1F 

1 '* , 

30; 

0.003! 

0.0041 

7.775! 

9.050: 


PMOSFET 

IT1F2 


30! 

0.003! 

0.004 

6.850' 

9.050 


NMOSFt i 

!T2F 


301 

0.000: 

0.000; 

7.775. 

8.4501 


Pico Fuse 

:F1F 


100' 



6.475. 

9.125 







EPS Switch Board 


Component 

I Designator | Subcircuit 

i ! 



Duty cycle | Power 

1 Dissipation, Bus ■ 
_ll5V(Sunlit>_ 

Power 

Dissipation, Bus * 
12V fEciiPse)_ 

X-Coord 

Y-Coord I 

___ ^^^^_ 


Inductor 

II1G 


MUXB 



301 

0.0061 

0.009 

8.400 

7.5251 

Transient Voltage Suooressor 

ITVS1G 

1 

** 

1-0 

1 




7.297 

8.100! 

Ultra Fast Recovery Diode 

1UFR1G 

< 

** 


-0 

1 




8.125 

7.8751 

12v Zener Bi-Oireclional 

ID1G 


** 

!~0 





7.175 

7.2001 

PMOSFET Gate Bias Ressier 

IR1G 





301 

0.0021 

0.001 

7.175 

7.6001 

PMOSFET Gate Bias Reseter 

IR2G 


•• 



301 

0.0001 

0.000 

7.400 

7.6001 

INMOSFET Gate Protection Resister IR3G 





301 

0.003 


0.0031 7.2251 7.025! 1 

PMOSFET 

TIG 

1 

** 



301 

0.003 


0.004 

7.7751 7.7001 1 

PMOSFET 

iT1G2 





301 

0.003 


0.004 

6.850 

7.7001 

NMOSFET 

iT2G 


•• 



301 

0.0001 

0.0001 7.775 

7.1001 

Pico Fuse 

iFIG 


*• 



1001 





I I ^ ^ ^ — i ^- 

Inouctor 

II1H 


MASS A 



301 

0.001! 

0.002 i 8.4001 6.175! 1 

Transient Voltage Suporessor 

ITVS1H 


•• 


.-0 





7.2971 6.7501 

Ultra Fast Recovery Diode 

IUFR1H 

1 

•• 



! 




8.1251 6.525: 

12v Zener Bi-Directionai 

ID1H 

i 



.-0 





7.175 

5.850: 1 

PMOSFET Gate Bias Resister 

IR1H 

' 

•* 


i 

301 

0.002 


0.001 

7.1751 6.250! 

PMOSFET Gate Bias Resister 

IR2H 

1 

•• 



30; 

0.0001 

0.0001 7.4001 6.250^ 

NMOSFET Gate Protection Resister 

IR3H 


** 



301 

0.003 


0.003 

7.225 

5.675: 

PMOSFET 

IT1H 


*• 



301 

0.0011 

0.001 

7.775 

6.350 

PMOSFET 

IT1H2 

1 

•* 



301 

0.001 


0.001 

6.850 

6.350: 

NMOSFET 

IT2H 


•• 



30 i 

0.000 


0.000 

7.7751 5.750: 

Pico Fuse 

IF1H 


•• 



100! 




6.475 

6.425- 

_^^ : 

Inductor 

1111 


MASS B 



30 i 

0.001 
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1602 

924 

1.7213 

L 




D 

□ 

1 

1603 

924 

1.347 

L 




a 

D 

1 

1604 

924 

.8232 

L 




n 

□ 

1 

1609 

921 

1.4967 

L 

BOT PCB THRM LYR TO 

+ Y 

BOT RAIL 

D 

n 

1 

1610 

921 

1.7213 

L 




a 

n 

1 

1611 

921 

1 . 347 

L 




□ 

n 

1 

1612 

921 

.8232 

L 




a 

ti 

1 

1101 

925 

.0027 

L 

BOT PCB TP POLY LYR 

TO 

-Y MID RL 

n 

D 

I 

1102 

925 

.0031 

L 




n 

n 

1 

1103 

925 

.0024 

L 




n 

11 

1 

1104 

925 

.0014 

L 




D 

□ 

1 

1109 

922 

.0027 

L 

BOT PCB TP POLY LYR 

TO 

+Y MID RL 

□ 


6H6eeeee8g8SesgS66666g66^ggSS8e6g6ee6e66geggegS§6gee666§ege668§e68eeeg6g§eg68g6V 
Ci'RL-B'limport ITAS_HC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIPT-FlImport Column Shlft-P3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Ilelp F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


geo CtrlrCopyggggggggggggg ITAS Conductor Data Entry ggggggggggggggg ESCtQult E 


□ SqNo FACroR 

From 

To 

Cond. Value L/R 

Description n 

a 

1 

1110 

922 

.0031 

L 

□ 

□ 

1 

1111 

922 

.0024 

L 

□ 

n 

1 

1112 

922 

.0014 

L 

D 

□ 

1 

601 

925 

.8007 

L 

TOP PCB THRM LYR TO -Y MID RAIL n 

□ 

1 

602 

925 

1.2811 

L 

n 

n 

1 

603 

925 

1 . 2945 

L 

□ 

n 

1 

604 

925 

1.962 

L 

□ 

a 

1 

614 

922 

.4003 

L 

TOP PCB THRM LYR TO +Y MID RAIL n 

n 

1 

615 

922 

.5338 

L 

D 

D 

1 

616 

922 

. 7340 

L 

D 

□ 

1 

617 

922 

1 . 3986 

L 

D 

□ 

1 

618 

922 

1.7351 

L 

□ 

a 

1 

101 

926 

.0016 

L 

TOP PCB TP POLY LYR TO -Y TP RAIL n 

n 

1 

102 

926 

.0026 

L 

□ 

n 

1 

103 

926 

.0026 

L 

a 

n 

1 

104 

926 

.0039 

L 

D 

n 

1 

114 

923 

.0008 

L 

□ 

n 

1 

115 

923 

.001 

L 

D 

d0g8gggggg6g6ggg6ggggg666g§8ggegggggggggggggggggggg6g6gg§egge66§8666eg666ee8gg6V 

CTRL 

-FI Import 

ITAS_NC 

ALT 

-P3AutoMLI 

UDC 

Allowed PgDn PgUp Home 

SIK'T 

FlImport 

Column 

Shift 

-P3AutoCIIT 

Shlft-F5Del/Pur End 


FlSave/Purge 

F2IIelp 

P3AutoGen 

F4Purge F5Delete F7Mark/UnMark FlOSearch 
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6S6 CtrI:CopygSeSeeeeeese6 ITAS conductor Data Entry 666§fe6eS66S6666 ESC:Quit £ 

□ □ 


a SqNo FACTOR 

From 

To 

Cond. Value 

L/R Description 

□ 

D 

1 

116 

923 

.0014 

L 

D 

n 

1 

117 

923 

.0028 

L 

D 

□ 

1 

118 

923 

.0035 

L 

□ 

n 

1 

601 

602 

.01657 

L TOP PCB THRM 

LYR NODE TO NODE n 

n 

1 

601 

605 

.00738 

L 

D 

n 

1 

602 

603 

.0134 

L 

□ 

□ 

1 

602 

606 

.01183 

L 

a 

n 

1 

603 

604 

.01267 

L 

□ 

□ 

I 

603 

607 

.01194 

L 

□ 

u 

1 

604 

608 

.01315 

L 

a 

D 

1 

605 

606 

.01825 

L 

a 

□ 

1 

605 

609 

.00306 

L 

□ 

n 

1 

605 

610 

.00306 

L 

n 

a 

1 

606 

607 

.01475 

L 

n 

□ 

1 

606 

610 

.00159 

L 

□ 

a 

1 

606 

611 

.00874 

L 

D 

□ 

1 

606 

612 

.00493 

L 

□ 

n 

1 

607 

608 

.01396 

L 

D 


CTRt- 

Fllmport 

ITAS NC ALT 

-F3AutoMLI 

UDC Allowed 

PgDn PgUp Home 

SIIFT- 

FIImport 

Column 

Shift 

-F3AutoCHT 

Shift-F5Del/Pur 

End 


FlSave/Purge F2!lelp F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


6eg Ctrl;CopyS6ee6666eeseS ITAS Conductor Data Entry ESCtQult E 

n D 


□ 

SqNo FACTOR 

From 

To 

Cond. Value 

L/R Description 

D 

n 

1 

607 

612 

.01177 

L 

□ 

□ 

1 

607 

613 

.00366 

L 

n 

n 

1 

608 

613 

.01702 

L 

D 

a 

1 

609 

610 

.0194 

L 

n 

n 

1 

609 

614 

.00452 

L 

D 

□ 

1 

610 

611 

.0143 

L 

D 

D 

1 

610 

615 

.0094 

L 

□ 

□ 

1 

611 

612 

.00849 

L 

□ 

□ 

1 

611 

616 

.0129 

L 

D 

a 

1 

612 

613 

.00578 

L 

□ 

□ 

1 

612 

617 

.01156 

L 

□ 

□ 

1 

613 

618 

.03059 

L 

□ 

n 

1 

615 

614 

.02128 

L 

D 

n 

1 

615 

616 

.01826 

L 

□ 

a 

1 

617 

616 

.01084 

L 

a 

□ 

1 

617 

618 

.01577 

L 

a 

o 

1 

401 

402 

.01657 

L TOP PCB GROUND LYR NODE TO NODE 

□ 

□ 

1 

401 

405 

.00738 

L 

D 


CTPt-Flimport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 

SlIP'l-FI Import Column Shift-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Uelp F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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606 Ctrlicopygeeeseeeeeeee itas conductor Data Entry egggggsgggeeggg Esc:0uit e 

u 

n SqNo FACTOR From 
□ 1 402 

a 1 402 

o 1 403 

a 1 403 

D 1 404 

n ] 405 

n 1 405 

o 1 405 

n 1 406 

n 1 406 

n 1 406 

n 1 406 

n 1 407 

n 1 407 

n 1 407 

n 1 400 

a 1 409 

a 1 409 

Aogeeogoggggeegggeggegggesesgggggeegegeeggggggggeeggggggsggseeggggggggggeggggggv 

CIRI.-FI Import ITAS_NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 

SIll'T-FI Import Column Shlft-F3AutoCHT Shlf t-F5Del/Pur End 

FlSave/Purge F2Help F3A toGen F4Purge FBDelete F7Mark/UnMark FlOSearch 


cee Ctrl:Copyg6ggggggggggg ITAS Conductor Data Entry ggggggggggggggg ESCrQuit £ 


□ 






D 

□ 

SqNO FACTOR 

From 

To 

Cond. Value 

L/R 

Description n 

n 

1 

410 

411 

.0143 

L 

□ 

n 

1 

410 

415 

.0094 

L 

D 

n 

1 

411 

412 

.00849 

L 

□ 

□ 

1 

411 

416 

.01291 

L 

□ 

a 

1 

412 

413 

.00578 

L 

n 

o 

1 

412 

417 

.01156 

L 

□ 

D 

1 

413 

418 

.03059 

L 

i u 

n 

1 

415 

414 

.02128 

L 

□ 

a 

1 

415 

416 

.01826 

L 

a 

□ 

1 

417 

416 

.01064 

L 

D 

a 

1 

417 

410 

.01577 

L 

□ 

ri 

1 

501 

502 

.0001 

L 

TOP PCB 5TH LYR NODETONODE-POLY □ 

n 

1 

501 

505 

.0001 

L 

□ 

n 

1 

502 

503 

.0001 

L 

□ 

n 

1 

502 

506 

.0001 

L 

D 

n 

1 

503 

504 

.0001 

L 

a 

n 

1 

503 

507 

.0001 

L 

a 

n 

1 

504 

508 

.0001 

L 

□ 


AggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggV 
rriM, FI Import 1TAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
Slin-FJ Import Column Shlf t-F3AutoCHT Shlf t-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge F5Delete F7Mark/UnMark FlOSearch 


To 

Cond. Value 

L/R 

403 

.0134 

L 

406 

.01103 

L 

404 

.01267 

L 

407 

.01194 

L 

408 

.01315 

L 

406 

.01825 

L 

409 

.00306 

L 

410 

.0u306 

L 

407 

.01475 

L 

410 

.00159 

L 

411 

.00874 

L 

412 

.00493 

L 

408 

.01396 

L 

412 

.01177 

L 

413 

.00366 

L 

413 

.01702 

L 

410 

.0194 

L 

414 

.00452 

L 


Iptlon n 

a 

□ 

□ 

n 

□ 

□ 

n 

n 

□ 

D 

a 

□ 

a 

D 

□ 

□ 

□ 

□ 
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66e Ctrl:CopyeeSS66§SeS66S ITAS Conductor Data Entry 6eS6eS666666SSe ESCrQult £ 
n n 


n 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

n 

□ 

217 

1 

505 

506 

.0001 

L 

□ 

□ 

218 

1 

505 

509 

.00003 

L 

D 

□ 

219 

1 

505 

510 

.00003 

L 

D 

a 

220 

1 

506 

507 

.0001 

L 

a 

□ 

221 

1 

506 

510 

.00001 

L 

a 

n 

222 

1 

506 

511 

.00006 

L 

D 

□ 

223 

± 

506 

512 

.00003 

L 

□ 

□ 

224 

1 

507 

508 

.0001 

L 

□ 

n 

225 

1 

507 

512 

.0001 

L 

n 

D 

226 

1 

507 

513 

.00003 

L 

a 

a 

227 

1 

508 

513 

.0001 

L 

□ 

n 

220 

1 

509 

510 

.0001 

L 

□ 

□ 

229 

i 

509 

514 

.00005 

L 

□ 

n 

230 

1 

510 

511 

.0001 

L 

D 

D 

231 

I 

510 

515 

.0001 

L 

□ 

D 

232 

1 

511 

512 

.0001 

L 

□ 

□ 

233 

1 

511 

516 

.0001 

L 

□ 

□ 

234 

1 

512 

513 

.0001 

L 

a 


crin,-FI Import 1TAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 

SlitT-Fl Import Column Shift-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


d-ee CtrlrCopygeeeeeeeeeeee ITAS conductor Data Entry 666666666666666 ESC:Qult E 


o 







n 

□ 

SqNo 

FACTOR 

From 

To 

Cond. vaiue 

L/R Description 

□ 

□ 

235 

1 

512 

517 

.0001 

L 

n 

□ 

236 

1 

513 

518 

.00023 

L 

n 

a 

237 

1 

515 

514 

.0001 

L 

a 

n 

238 

1 

515 

516 

.0001 

L 

a 

□ 

239 

1 

517 

516 

.0001 

L 

a 

a 

240 

1 

517 

518 

.0001 

L 

n 

a 

241 

1 

601 

501 

.0126 

L TOP PCB LAYER TO LAYER 

D 

□ 

242 

1 

602 

502 

.0202 

L 

□ 

a 

24 3 

1 

603 

503 

.0204 

L 

a 

D 

244 

1 

604 

504 

.0225 

L 

n 

□ 

245 

1 

605 

505 

.0139 

L 

n 

D 

246 

1 

606 

506 

.0222 

L 

D 

n 

24 7 

1 

607 

507 

.0225 

L 

□ 

□ 

248 

1 

608 

508 

.0071 

L 

D 

□ 

249 

1 

609 

509 

.0033 

L 

□ 

o 

250 

1 

610 

510 

.0044 

L 

□ 

D 

251 

1 

611 

511 

.006 

L 

D 

a 

252 

1 

612 

512 

.0117 

L 

□ 


a666666666666666666666666666666666666666666666666666666666666666666666666666666V 
criU.-FI import ITAS_NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 
slirr-FI Import Column Shift-F3AutoCHT Shlft-F5Del/Pur End 

FISave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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^ec Ctrl:Copy6e§S66eee6i66 ITAS Conductor Data Entry eeeS6g666666§66 ESC:Oult £ 

D □ 


□ 

SqNo FACTOR 

From 

To 

Cond. Value 

L/R Description 

D 

D 

1 

613 

513 

.0144 

L 

d 

n 

1 

614 

514 

.0036 

L 

D 

n 

1 

615 

515 

.0046 

L 

D 

u 

1 

616 

516 

.0066 

L 

D 

D 

1 

617 

517 

.0128 

L 

□ 

□ 

1 

616 

518 

.0157 

L 

D 

n 

1 

501 

401 

.0126 

L 

d 

u 

1 

502 

402 

.0202 

L 

d 

n 

1 

503 

403 

.0204 

L 

d 

u 

1 

504 

404 

.0225 

L 

d 

a 

1 

505 

405 

.0139 

L 

d 

u 

1 

506 

406 

.0222 

L 

d 

a 

1 

507 

407 

.0225 

L 

d 

n 

1 

508 

408 

.0071 

L 

d 

□ 

1 

509 

409 

.0033 

L 

d 

a 

1 

510 

410 

.0044 

L 

d 

a 

1 

511 

411 

.006 

L 

d 

a 

1 

512 

412 

.0117 

L 

d 


CTRL-F'limport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 

SIIIT-Fllmport Column Shlft-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2nelp F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


ege Ctrl;Copyeeee666ee66e6 ITAS Conductor Data Entry 66e§6e66§6e666e ESCtQuit E 
n n 


□ 

ScjNO 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

d 

n 

271 

1 

513 

413 

.0144 

L 

d 

d 

272 

1 

514 

414 

.0036 

L 

d 

n 

273 

1 

515 

415 

.0048 

L 

d 

d 

274 

1 

516 

416 

.0066 

L 

d 

d 

275 

1 

517 

417 

.0128 

L 

d 

d 

276 

1 

518 

418 

.0157 

L 

d 

d 

277 

1 

401 

301 

.0126 

L 

d 

d 

278 

1 

402 

302 

.0202 

L 

d 

d 

279 

1 

403 

303 

.0204 

L 

d 

a 

280 

1 

404 

304 

.0225 

L 

D 

d 

281 

1 

405 

305 

.0139 

L 

d 

n 

282 

1 

406 

306 

.0222 

L 

d 

□ 

283 

1 

407 

307 

.0225 

L 

d 

D 

284 

I 

408 

308 

.0071 

L 

d 

d 

285 

1 

409 

309 

.0033 

L 

d 

n 

286 

1 

410 

310 

. 0044 

L 

d 

n 

267 

1 

411 

311 

.006 

L 

d 

u 

268 

1 

412 

312 

.0117 

L 

d 


dggggggggggggggggggggggggggggggggggggggggggegggggggggggggggggggggggggggggggggggv 
CI'RL-Fl Import ITAS_NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 
SllF'l’-FlImport Column Shlft-F3AutoCHT Shlft-F5Del/P^r End 

FI Save/Purge F2IIelp F3AutoGen FlPurge F5Deletfe F7Mark/UnMark FlOSearch 





CtrliCopygeeeseeeeeeee ITAS conductor Data Entry 666666866666666 ESCtQuit £ 

D □ 


□ 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

a 

□ 

289 

1 

413 

313 

.0144 

L 

□ 

□ 

290 

1 

414 

314 

.0036 

L 

□ 

□ 

291 

1 

415 

315 

.0048 

L 

D 

D 

292 

1 

416 

316 

. 0066 

L 

D 

□ 

293 

1 

417 

317 

.0128 

L 

a 

□ 

294 

1 

418 

316 

.0157 

L 

n 

□ 

295 

1 

301 

201 

.0126 

L 

D 

□ 

296 

1 

302 

202 

.0202 

L 

D 

□ 

297 

1 

303 

203 

.0204 

L 

n 

□ 

298 

1 

304 

204 

.0225 

L 

□ 

□ 

299 

1 

305 

205 

.0139 

L 

D 

a 

300 

1 

306 

206 

.0222 

L 

D 

□ 

301 

1 

307 

207 

.0225 

L 

n 

a 

302 

1 

308 

208 

.0071 

L 

□ 

a 

303 

1 

309 

209 

.0033 

L 

□ 

a 

304 

1 

310 

210 

.0044 

L 

D 

a 

305 

1 

311 

211 

.006 

L 

n 

□ 

306 

1 

312 

212 

.0117 

L 

D 


d6666666666666666666e66666666666666666666666666e66e6666666666666666666666666666Y 
CTRL-Flimport ITAS NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIFT-FlImport Column Shlft-F3AutoCHT Shlft-FSDel/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


6ne Ctri;Copy6666666666666 ITAS Conductor Data Entry 666666666666666 ESCrQuit E 


□ 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

n 

□ 

307 

1 

313 

213 

.0144 

L 

□ 

□ 

308 

1 

314 

214 

.0036 

L 

n 

n 

309 

1 

315 

215 

.0048 

L 

n 

n 

310 

1 

316 

216 

.0066 

L 

D 

a 

311 

1 

317 

217 

.0128 

L 

D 

□ 

312 

1 

318 

218 

.0157 

L 

□ 

u 

313 

1 

201 

101 

.0126 

L 

D 

n 

314 

1 

202 

102 

. 0202 

L 

D 

□ 

315 

1 

203 

103 

.0204 

L 

a 

a 

316 

1 

204 

104 

.0225 

L 

ti 

n 

317 

1 

205 

105 

.0139 

L 

□ 

□ 

310 

1 

206 

106 

.0222 

L 

□ 

□ 

319 

1 

207 

107 

.0225 

L 

D 

n 

320 

1 

208 

108 

.0071 

L 

D 

n 

321 

1 

209 

109 

.0033 

L 

n 

n 

322 

1 

210 

110 

.0044 

L 

□ 

n 

323 

1 

211 

111 

.006 

L 

D 

D 

324 

1 

212 

112 

.0117 

L 

□ 


nj/.'ll L, □ 

A66e666e666666666666666666666e6666666666666666666666666666666666666666666666666V 
CTPL-FlImport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SHKl -FI Import Column Shlf t-F3AutoCllT Shlft-FSDel/Pur End 


FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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^•66 Ctrl•Copygeeeeeeeeeees ITAS conductor Data Entry 6§6666e666eegS6 ESC:Qult E 
□ n 


□ 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description n 

a 

325 

1 

213 

113 

.0144 

L 

a 

□ 

326 

1 

214 

114 

.0036 

L 

a 

□ 

327 

1 

215 

115 

.0144 

L 

n 

n 

320 

1 

216 

116 

.0066 

L 

□ 

n 

329 

1 

217 

117 

.0128 

L 

a 

□ 

330 

1 

210 

118 

.0157 

L 

p 

a 

331 

1 

1601 

1602 

.0168 

L BOT PCB THRM LYR NODE TO NODE 0 

□ 

332 

1 

1601 

1605 

.0136 

L 

p 

□ 

333 

1 

1602 

1603 

.0176 

L 

p 

□ 

334 

1 

1602 

1606 

.0156 

L 

c 

□ 

335 

1 

1603 

1604 

.0249 

L 

p 

□ 

336 

1 

1603 

1607 

.0122 

L 

p 

□ 

3 37 

1 

1604 

1608 

.0074 

L 

p 

□ 

338 

1 

1605 

1606 

.006 

L 

0 

D 

339 

1 

1605 

1609 

.0143 

L 

P 

a 

340 

1 

1606 

1607 

.0063 

L 

P 

a 

341 

1 

1606 

ICiO 

.0165 

L 

P 

a 

342 

1 

1607 

1608 

.0089 

L 

P 


aggGcgggggggggggeggggggggggggggggggegggggegggeeeggggggggggggggggggggegeggggggggv 
Cl'RL-FlImport ITAS NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 
SHF r-P’lIinport Column Shlft-F3AutoCHT Shift-P5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge PSDelete F7Mark/UnMark FlOSearch 


ggg CtrliCopyggggggggggggg ITAS Conductor Data Entry ggggggggggggggg ESCrQuit £ 

D 


D 

SqNo 

FACl’OR 

From 

To 

Cond. Value 

L/R 

Description n 

P 

34 3 

1 

1607 

1611 

.0129 

L 

p 

D 

344 

1 

1608 

1612 

.0079 

L 

p 

□ 

345 

1 

1609 

1610 

.0156 

L 

p 

n 

346 

1 

1610 

1611 

.0164 

L 

p 

p 

347 

1 

1611 

1612 

.0231 

L 

p 

n 

348 

1 

1401 

1402 

.0168 

L 

BOT PCB GROUND LYR NODE TO NODE P 

n 

349 

1 

1401 

1405 

.0136 

L 

p 

D 

350 

1 

1402 

1403 

.0176 

L 

p 

n 

351 

1 

1402 

1406 

.0156 

L 

p 

Q 

352 

1 

1403 

1404 

.0249 

L 

p 

0 

353 

1 

1403 

1407 

.0122 

L 

D 

D 

354 

1 

1404 

1408 

.0074 

L 

P 

□ 

355 

1 

1405 

1406 

.006 

L 

P 

a 

356 

1 

1405 

1409 

.0143 

L 

P 

p 

357 

1 

1406 

1407 

.0063 

L 

P 

D 

358 

1 

1406 

1410 

.0165 

L 

P 

n 

359 

1 

1407 

1406 

.0089 

L 

P 

u 

360 

1 

1407 

1411 

.0129 

L 

P 


^ggggggggggggggggggggggggggggggggggggggggggggggggegggggggg^g^^ggg^ggg^^^eggggggv 
CTHt-Fllinport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIHT'-Fllmport Column Shlft-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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6^6 Ctrl:Copy6S66SS6ee6666 ITAS Conductor Data Entry 6S66S66S6S6S6e6 ESC:Oult E 

n n 


n 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R 

Description 

D 

n 

361 

1 

1408 

1412 

.0073 

L 


□ 

□ 

362 

1 

1409 

1410 

.0156 

L 


n 

□ 

363 

1 

1410 

1411 

.0164 

L 


□ 

□ 

364 

1 

1411 

1412 

.0231 

L 


n 

□ 

365 

1 

1501 

1502 

.0001 

L 

EOT PCS 5TH LYR NODETONODE 

(POLY) n 

n 

366 

1 

1501 

1505 

.0001 

L 


n 

a 

36 7 

1 

1502 

1503 

.0001 

L 


□ 

□ 

368 

1 

1502 

1506 

.0001 

L 


n 

a 

369 

1 

1503 

1504 

.0001 

L 


D 

D 

370 

1 

1503 

1507 

.0001 

L 


□ 

n 

371 

1 

1504 

1508 

.0001 

L 


a 

□ 

3 72 

1 

1505 

1506 

.0001 

L 


a 

n 

373 

1 

1505 

1509 

.0001 

L 


D 

a 

374 

1 

1506 

1507 

.0001 



□ 

□ 

375 

1 

1506 

1510 

.0001 

L 


□ 

□ 

376 

1 

1507 

1508 

.0001 

L 


D 

□ 

377 

1 

1507 

1511 

0001 

L 


□ 

a 

378 

1 

1508 

1512 

.0001 

L 


□ 


crnt-flImport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 

Slin -Fl Import Column Shlft-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge FBDelete F7Mark/UnMark FlOSearch 


ggg Ctrl tCopygggeegggggggg ITAS Conductor Data Entry ggegegggggeeegg ESC-.Quit E 

a n 


□ 

ScjHo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

a 

□ 

379 

1 

1509 

1510 

.0001 

L 

□ 

a 

380 

1 

1510 

1511 

.0001 

L 

D 

□ 

381 

1 

1511 

1512 

.0001 

L 

a 

□ 

382 

1 

1601 

1501 

.0295 

L EOT PCE LAYER TO LAYER 

D 

□ 

383 

1 

1602 

1502 

.0339 

L 

D 

a 

384 

1 

1603 

1503 

.0266 

L 

a 

n 

385 

1 

1604 

1504 

.0162 

L 

□ 

□ 

386 

1 

1605 

1505 

.0105 

L 

□ 

n 

387 

1 

1606 

1506 

.0121 

L 

a 

n 

388 

1 

1607 

1507 

.0095 

L 

D 

□ 

389 

1 

1608 

1508 

.0058 

L 

□ 

a 

390 

1 

1609 

1509 

.0274 

L 

n 

n 

391 

1 

1610 

1510 

.0315 

L 

□ 

a 

392 

1 

1611 

1511 

.0247 

L 

□ 

n 

39 3 

1 

1612 

1512 

.015 

L 

□ 

n 

394 

1 

1501 

1401 

.0295 

L 

n 

n 

395 

1 

1 502 

1402 

.0339 

L 

□ 

n 

396 

1 

1503 

1403 

.0266 

L 

□ 


aggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggV 
rriu. nimport ITAS NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
Miii-l-FI import Column Shlft-F3AutoCIIT Shlft-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen P4Purge FBDelete F7Mark/UnMark FlOSearch 
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6e6 Ctrlscopyeeeeeseseesse ITAS conductor Data Entry ge66ee66S6gee6& ESC:Quit £ 
n n 


a 

SgNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

D 

a 

397 

1 

1504 

1404 

.0162 

L 

□ 

D 

398 

1 

1505 

1405 

.0105 

L 

□ 

a 

399 

1 

1506 

1406 

.0121 

L 

a 

a 

<100 

1 

1507 

1407 

. 0095 

L 

D 

□ 

<101 

1 

1508 

1408 

.0058 

L 

□ 

D 

<102 

1 

1509 

1409 

.0274 

L 

D 

□ 

<103 

1 

1510 

1410 

.0315 

L 

a 

a 

<10<1 

1 

1511 

1411 

.0247 

L 

□ 

D 

<105 

1 

1512 

1412 

.015 

L 

□ 

□ 

406 

1 

1401 

1301 

.0295 

L 

D 

n 

4 07 

1 

1402 

1302 

.0339 

L 

□ 

n 

408 

1 

1403 

1303 

.0266 

L 

□ 

n 

4 09 


14 04 

1301 

.0152 

L 

□ 

a 

410 

1 

1405 

1305 

.0105 

L 

□ 

n 

41 1 

1 

1406 

1306 

.0121 

L 

a 

D 

412 

1 

1407 

1307 

.0095 

L 

D 

a 

413 

1 

1408 

1308 

.0058 

L 

□ 

□ 

4 14 

1 

1409 

1309 

.0274 

L 

□ 


aggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggY 
CrUL-FUmport ITAS_NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 
SIIFI'-Fl Import Column Shift-F3AutoCHT Shift-F5Del/Pur End 

FI Save/Purge F2Help F3AutoGen F 4 Purge FBDelete FTHack/UnMark FlOSearch 


fegg Ctri:Copye666666666666 ITAS Conductor Data Entry e6686Se6e6e666S ESCrQult E 


a 

□ 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

D 

d 

□ 

4 1 5 

1 

1410 

1310 

.0315 

L 

a 

□ 

4 1 0 

1 

1411 

1311 

.0247 

L 

a 

a 

4 1 7 

1 

1412 

1312 

.015 

L 

a 

u 

418 

1 

1 301 

1201 

.0295 

L 

n 

n 

419 

1 

1302 

1202 

.0339 

L 

a 

n 

420 

1 

1303 

1203 

.0266 

L 

□ 

a 

421 

1 

1304 

1204 

.0162 

L 

a 

u 

422 

1 

1305 

1205 

.0105 

L 

a 

□ 

423 

1 

1306 

1206 

.0121 

L 

n 

□ 

424 

1 

1307 

1207 

.0095 

L 

a 

□ 

425 

1 

1 306 

1208 

.0058 

L 

□ 

□ 

426 

1 

1309 

1209 

. 0274 

L 

a 

□ 

427 

1 

1310 

1210 

.0315 

L 

□ 

□ 

428 

1 

1311 

1211 

.0247 

L 

D 

n 

429 

1 

1312 

1212 

. 015 

L 

D 

n 

4 30 

I 

1201 

1101 

.0295 

L 

□ 

n 

431 

1 

1202 

1102 

.0339 

L 

a 

u 

4 32 

1 

1203 

1103 

.0266 

L 

□ 


dgcddgcegggggggggggggggggggggeggggggggggggggggggeggggggggggggggggggggggegggegggV 
C-int-Fl Import ITAS_NC ALT-F3AutoMLI UDC Allowed ' PgDn PqUo Home 
SHFT-FlImport Column Shift-F3AutoCHT Shlft-F5Del/Pur End 

FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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6&ti Ctrl:Copy6§6Seee6g§Sge ITAS Conductor Data Entry 6eS6666eeeSg6S6 ESCrQuit £ 


□ 

SqNo 

FACTOR 

From 

To 

Cond. Value 

L/R Description 

a 

□ 

•13 3 

1 

1204 

1104 

.0162 

L 

□ 

□ 

4 34 

1 

1205 

1105 

.0105 

L 

a 

n 

435 

1 

1206 

1106 

.0121 

L 

n 

n 

436 

1 

1207 

1107 

.0095 

L 

□ 

□ 

437 

1 

1208 

1108 

.0058 

L 

□ 

a 

4 30 

1 

1209 

1109 

.0274 

L 

D 

n 

439 

1 

1210 

1110 

.0315 

L 

□ 

n 

440 

1 

1211 

1111 

.0247 

L 

D 

□ 

441 

1 

1212 

1112 

.015 

L 

D 

□ 


1 




L 

□ 

a 


1 




L 

□ 

□ 


1 




L 

D 

□ 


1 




L 

n 

□ 


1 




L 

D 

a 


1 




L 

□ 

□ 


1 




L 

D 

a 


1 




L 

□ 

□ 


1 




L 

□ 


C'I'RL-FlImport ITAS NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 

SIIFT-FlImport Column Shlft-F3AutoCnT Shlft-F5Del/Pur End 

FiSave/Purge F2!lelp F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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APPENDIX F ITAS NODE DATA FOR COLD-CASE 


r I :ropve««6e66 ITAS Ho(le Dat a Kntry For Thermal Analysis 6eee6{}«eKSC:0n 11 CE 

II « 


n 

liodeNo 

Teinp-C 

ThtHass UlssJp 

Comment 

n 

It 

001 

20 

0 

EPS IIOUSIIIG WALLS IX 

n 

It 

902 

20 

0 

1 y 

n 

tt 

903 

20 

0 

1 Y 

n 

It 

901 

20 

0 

1 Y 

n 

It 

905 

20 

0 

i Y 

n 

11 

906 

20 

0 

1 7. 

It 

n 

907 

20 

0 

-X 

ri 

ri 

900 

20 

0 

- Y 

tf 

II 

909 

20 

0 

-y 

tt 

It 

9 1 0 

20 

0 

-Y 

ri 

II 

91 I 

20 

0 

-Y 

If 

tt 

912 

20 

0 

-z 

n 

11 

91 3 

0 

0 

noUNDARY NODE TO 906 

11 

It 

921 

20 

0 

HOUSING lY DOTTOM RAIL 

11 

tt 

922 

20 

0 

ly MIDDLE RAIL 

n 

ri 

923 

20 

0 

ty TOP RAIL 

n 

It 

921 

20 

0 

-Y nOTTOM RAIL 

M 

ft 

925 

20 

0 

-Y MIDDLE RAIL 

n 


CTHL-I''I Imi)or t ITAS_MC UDC Allowed PgDn PgUp Home Knd 

?;tlFT-I'Mniporl CohiMin Sh I f t-FSDeJ/Pur 

I I Save/Purge FP.IIolp F3Aul;oGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


A(i(:i r I O'niiyl'OI'SyeS ITAS Mode Data Entry For Tlierinai Analysis 6§M§@6§gESC:0Dl tSE 


It 

It SKori 

NodeNo 

Tenip-C 

ThrMass DlssJp 

Coimnent 

n 

n 

n 

9 26 

20 

0 

-Y TOP RAIL 

ti 

If 

601 

20 

.058 

TOP pen THERMAL PLANE 

n 

It 

602 

20 

.070 


rt 

It 

60 3 

20 

.026 


n 

It 

601 

20 

. 001 


rt 

n 

605 

20 

0 


n 

ti 

606 

20 

0 


11 

It 

60 / 

20 

0 


rt 

n 

600 

20 

0 


n 

It 

6 09 

20 

0 


n 

n 

6 1 0 

20 

0 


11 

n 

6 1 1 

20 

0 


n 

It 

61 2 

20 

0 


rt 

ft 

6 1 3 

20 

0 


n 

It 

6 1 1 

20 

0 


n 

M 

6 1 5 

20 

0 


n 

It 

6 1 6 

20 

0 


It 

It 

617 

20 

0 


11 


Cl 111, I I liiipor I irAS_IIC UDC Allowed PgDn PgU() Home Find 

r.Ml'T I I Import: Column Slil f t-FSDe]/Pur 

II Savc/Purge FJIIe.lp FIAutoCen F-IPurgo FSDelete F7Uark/UnMark FlOSoarrIi 
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I 


I 


r I :Copy6S666@0 ITAS Node Data Rtihry For Thermal Analysis 6666g8S6ESC:0uitgE 


n 

n SRQN 

NodeNo 

Temp-C ThrMass 

Dlsslp 

Commen t 

□ 

D 

n 

3 / 

610 

20 

0 


□ 

n 

30 

501 

20 

0 

STM LAYER POLYIMIDE 

□ 

n 

39 

502 

20 

0 


□ 

ti 

10 

503 

20 

0 


D 

11 

11 

501 

20 

0 


□ 

n 

12 

505 

20 

0 


n 

11 

1 3 

506 

20 

0 


a 

ti 

11 

5o; 

20 

0 


D 

n 

15 

500 

20 

0 


□ 

n 

16 

509 

20 

0 


a 

n 

1 1 

510 

20 

0 


D 

ri 

10 

51 1 

20 

0 


n 

11 

19 

51 2 

20 

0 


□ 

n 

50 

5) 3 

20 

0 


a 

n 

51 

511 

20 

0 


a 

n 

52 

515 

20 

0 


D 

n 

5 3 

516 

20 

0 


n 

n 

51 

517 

20 

0 


a 


enu. 

-FI Import ITAS 

NC VIDC Allowed 


PgDn PgUp Home 

End 

SIIFT 

-FI Import Column 

Shlft-F5Del/Pur 



FlSave/Purge 

F2Ilelp F3AutoGen FlPurge FSDelete F7Mark/UnMark 

FlOSearch 


#*@Ctrl;Copy@@@@@e6 ITAS Node Data Entry For Thermal Analysis @666@§§6ESC:0ult6E 
n D 


n SRUfJ 

NodeNo 

Temp-C 

ThrMass Dlsslp 

Commen t 

D 

n 

510 

20 


a 

n 

101 

20 

.003 

GROUND LAYER COPPER 

0 

n 

102 

20 

.004 


0 

n 

103 

20 

.001 


o 

11 

101 

20 

.001 


o 

n 

105 

20 

0 


o 

rt 

106 

20 

0 


o 

n 

107 

20 

0 


0 

n 

108 

20 

0 


0 

n 

109 

20 

0 


0 

n 

110 

20 

0 


0 

n 

11 1 

20 

0 


o 

n 

112 

20 

0 


o 

n 

11 3 

20 

0 


□ 

n 

111 

20 

0 


o 

n 

115 

20 

0 


o 

n 

1 1 6 

20 

0 


o 

u 

111 

20 

0 


0 


Ct'lil, I-1 hmior t ]TAS_NC UDC Allowed PgDn PgUp Nome End 

SMI''!' FI Ijnpor t Column Slilft-F5Del/Pur 

F1 Sa\.’/Purge F2llelp FlAutoCen FlPurge FBDelete F7Mark/UnMark FlOSearch 
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(>oCl.r I :CopySliS66S8 ITAS Node Data Entry For Thermal Analysis 8S6SS66SESC:0 ii I t6E 
(I n 


n sri:oN 

NodeNo 

Temp-C 

ThrMass Dlsslp 

Comment 

□ 

n 

418 

20 

0 


a 

n 

301 

20 

0 

IRD LAYER POLYIMIDE 

D 

n 

302 

20 

0 


a 

n 

303 

20 

0 


□ 

n 

304 

20 

0 


n 

n 

305 

20 

0 


n 

ti 

306 

20 

0 


a 

ti 

307 

20 

0 


a 

n 

300 

20 

0 


D 

ti 

309 

20 

0 


a 

ti 

310 

20 

0 


a 

n 

311 

20 

0 


n 

11 

312 

20 

0 


a 

n 

31 3 

20 

0 


□ 

ri 

31 4 

20 

0 


a 

ti 

315 

20 

0 


D 

n 

316 

20 

0 


a 

u 

317 

20 

0 


a 


Ctni.-l'l Import I'l'AS NC UDC A.llowed PgDn PgUp Home End 

sun -FI Import CoJuiiin Shift-F5Del/Pur 

(• 1 Save/Purge F^llelp FlAutoGen F4Purge FBDelete F7Mark/UnMark FlOSearch 


^ectrl:Copye§§6686 ITAS Node Data Entry For Thermal Analysis §&§@668 SeSC:0u 1tSE 


n 

n SPUN 

NodeNo 

Temp-C 

ThrMass Dlsslp 

Comment 

n 

a 

n 

3 10 

20 

0 


n 

n 

201 

20 

0 

SIGNAL LEVEL (VERY LITTLE CU) 

D 

n 

202 

20 

0 


n 

n 

203 

20 

0 


n 

11 

204 

20 

0 


D 

n 

205 

20 

0 


n 

n 

206 

20 

0 


n 

n 

20 / 

20 

0 


n 

(1 

200 

20 

0 


o 

n 

209 

20 

0 


n 

ri 

210 

20 

0 


n 

ti 

21 1 

20 

0 


n 

n 

2 1 2 

20 

0 


D 

n 

21 3 

20 

0 


n 

11 

214 

20 

0 


□ 

n 

215 

20 

0 


□ 

n 

216 

20 

0 


n 

u 

21 / 

20 

0 


n 


A(';'(5fi(ie(?fif'ej<{'i}eee6eee6ee/?e«ef?{.'<:'t'ee«e{ie«e6egM{i6gMeeee6egeege6e6ggg6gegegegeggeegv 
CTIll, PI iMijiort 1TAP;_NC UDC Allowed PgDn PgUp Home End 

r.llPT-Fl Import Cohtmn Shi f t-FSDel/Pur 

I I Sfive/Piirge FJHelp F3AutoCen FlPurge FBDelete F7Mark/UnMark FlOSearch 
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(^dCLr l :Copy66gS66e ITAS Node Daba Eiibry For Thermal Analysis 66S668S8ESC:0ultBE 
n o 


n SF.QU 

NodeNo 

Temp-C 

ThrMass Dlsslp 

Comment 

□ 

o 

218 

20 

0 


D 

n 

101 

20 

0 

TOP LAYER POLYIMtDE 

D 

n 

J 02 

20 

0 


n 

(1 

103 

20 

0 


D 

n 

104 

20 

0 


D 

n 

105 

20 

0 


n 

n 

1 OG 

20 

0 


D 

{1 

1 07 

20 

0 


n 

n 

108 

20 

0 


n 

r] 

109 

20 

0 


D 

n 

110 

20 

0 


D 

n 

111 

20 

0 


D 

n 

I 1 2 

20 

0 


D 

n 

1 1 3 

20 

0 


D 

Cl 

114 

20 

0 


D 

n 

115 

20 

0 


D 

n 

116 

20 

0 


D 

D 

117 

20 

0 


n 


eriu,-FI Import 1TAS_NC UDC Allowed PgDn PgUp Home End 

Slir r-FI Jinporh Column SJilft-F5Del/Pur 

Fisave/Purge F2IIelp FlAutoGen P4Purge FBDelete F7Mark/UnMark FlOSearch 


(^octrI rCopveeeeeee ITAS Node Data Entry For Thermal Analysis 66ge666gESC;Quitet 


n sr:yfj 

NodeNo 

Temp-C 

TlirMass Dlsslp 

Commen t 

□ 

n 

118 

20 

0 


D 

n 

1601 

20 

0 

BOTTOM PCB THERMAL PLANE COPPER 

D 

n 

1 G02 

20 

0 


n 

n 

1G03 

20 

0 


n 

n 

1604 

20 

0 


D 

n 

1 605 

20 

0 


n 

n 

1606 

20 

0 


D 

n 

J 607 

20 

0 


D 

n 

1 608 

20 

0 


D 

n 

1609 

20 

0 


D 

n 

1610 

20 

0 


a 

n 

1611 

20 

0 


n 

n 

1612 

20 

0 


D 

n 

1613 

20 

0 


□ 

n 

1614 

20 

0 


□ 

n 

16 15 

20 

0 


□ 

n 

1616 

20 

0 


D 

n 

1617 

20 

0 


□ 


u Q 

CUM, FI Import i rAS_NC IM)C Allowed PgDn PgUp Home End 

sun-nImport Column Shlft-F5Del/Pur 


FI‘^ave/purge F2llelp FlAutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 


63 


i^oCtrI:Copy6fi@868@ ITAS Node DaLa Entry For Thermal Analysis-6S@66g8§ESC:0ult6t 
ri n 


M SROM 

NodeNo 

Temp-C 

ThrMass Dlsslp 

Comment , 

D 

!1 

1616 

20 

0 

t 

□ 

U 

1 501 

20 

0 

5Tn LAYER POLYIMIDE 

□ 

n 

1502 

20 

0 


□ 

ti 

150 3 

20 

0 


a 

ri 

1 50-1 

20 

0 


a 

n 

1 505 

20 

0 


a 

ri 

1506 

20 

0 


a 

n 

1507 

20 

0 


n 

n 

1 508 

20 

0 


n 

n 

1509 

20 

0 


n 

n 

1510 

20 

0 


□ 

n 

1511 

20 

0 


□ 

n 

1512 

20 

0 


a 

n 

151 3 

20 

0 


D 

n 

1511 

20 

0 


B 

t> 

1515 

20 

0 


D 

n 

1516 

20 

0 


□ 

a 

1517 

20 

0 


□ 


Asggfi&eegeeeegeggeegggeegeegeegggeeegeeegegeeeggeeeeeeegeeegeegeeeeggeggeeegggev 

CriU, ri Import 1TA.S_NC UDC Allowed PgDn PgUp Home End 

?;iil'l’ I' l ifnport Column Shlft-F5Del/Pur 

ITSnve/Purge F^Ilelp FlAutoGen F4Purge FBDelete F7Mark/UnMark FlOSearch 


geCl;rI :Copyggggggg ITAS Node Data Entry For Thermal Analysis ggggggggESC:Oultg£ 

n D 


n sr:o!» 

NodeNo 

Temp-C 

ThrMass Disslp 

Comment 

□ 

n 

1510 

20 

0 


□ 

n 

MOl 

20 

0 

GROUND LAYER COPPER 

□ 

ri 

1102 

20 

0 


D 

{1 

1103 

20 

0 


a 

(1 

1101 

20 

0 


a 

n 

1105 

20 

0 


D 

n 

1106 

20 

0 


D 

ri 

1107 

20 

0 


D 

n 

1 loe 

20 

0 


□ 

n 

1 109 

20 

0 


D 

n 

1110 

20 

0 


□ 

n 

1111 

20 

0 


n 

n 

1112 

20 

0 


n 

ti 

1113 

20 

0 


n 

ti 

till 

20 

0 


n 

ri 

1115 

20 

0 


n 

11 

1116 

20 

0 


n 

[1 

111/ 

20 

0 


□ 


Aggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggv 
C'llU, (’I Import ITAS_NC UDC Allowed PgDn PgUp Home End 

Slll'l’ I'l Import Column Sh I f t-F5DeJ/Pur 

rISavp/Purge F/Ilelp FlAutoCen F4Purge FBDelete F7Mark/UnMark FlOSearch 





d^clr 1 

rCopyggggggg ITAS Node Data 

Entry For 

Thermal Analysis g6ee§6^6ESC:0ult6E 

n 




D 

H SRQW 

NodeNo 

Temp-C ThrMass 

Dlsslp 

Conunent n 

n 

1418 

20 

0 

□ 

M 

1301 

20 

0 

3RD LAYER POLYIMIDE a 

n 

1 302 

20 

0 

□ 

n 

1303 

20 

0 

D 

n 

1 304 

20 

0 

□ 

n 

1 305 

20 

0 

D 

n 

1 306 

20 

0 

n 

n 

1 307 

20 

0 

D 

n 

1 308 

20 

0 

□ 

n 

1 309 

20 

0 

□ 

n 

1310 

20 

0 

n 

n 

1311 

20 

0 

D 

n 

1 312 

20 

0 

□ 

n 

1 313 

20 

0 

a 

ri 

1314 

20 

0 

D 

n 

1 315 

20 

0 

D 

n 

1316 

20 

0 

□ 

a 

1317 

20 

0 

□ 


(-“fl^L-FI linport 1TAS_MC UDC Allowed PgDn PgUp Home End 

?^ll(-r F ) Inipor t Column Slilf t-F5Del/Pur 

FlSnve/rurge F2IIelp FlAutoGen F^Purge FBDelete F7Mark/UnMark FlOSearch 


1 

:(’opyggggggg ITAS Node Data 

Entry For Thermal 

Analysis ee§§eg§§ESC:0ult§£ 

n 




n 

ti srx)M 

NodeNo 

Temp-C ThrMass 

Dlsslp Comment 

D 

n 

1318 

20 

0 

D 

n 

1 201 

20 

0 SIGNAL 

LAYER COPPER a 

n 

1 202 

20 

0 

n 

ri 

1 203 

20 

0 

n 

n 

1 204 

20 

0 

D 

u 

' •’05 

20 

0 

a 

ti 

1 206 

20 

0 

1 

a 

rt 

1 207 

20 

0 

D 

n 

1 208 

20 

0 

a 

II 

1 209 

20 

0 

n 

IT 

1210 

20 

0 

□ 

n 

1211 

20 

0 

n 

n 

1212 

20 

0 

a 

fi 

1213 

20 

0 

n 

n 

1214 

20 

0 

a 

11 

1215 

20 

0 

n 

11 

1216 

20 

0 

a 

n 

1217 

20 

0 

Q 


Af^or><idi5(;^<e(i«iiee<}eei«ii6<H4eiieett<iP(iee{g«e6eeeee66ee§eg6ee66§e6e66ee6eee§eeee66eeeg6ev 

( Till, I ) Import ITAS_HC UDC Al lowed PgDn PgUp Home End 

riil'l' FI Import Column Shi ft-F5Del/Pur 

FlSave/Purge F2Help FlAutoGen F4Purge FBDelete F7Mark/UnMark FlOSearch 
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f^<‘Cl;rl :Copy6SSS66S ITAS Node Data Entry For Thermal Analysis 66SS6S66ESC:Qult§E 
n a 


n SROtl 

NodeNo 

Temp-C 

ThtMass Dlsslp 

Commen t 

a 

n 

1210 

20 

0 


a 

n 

1101 

20 

0 

TOP LAYER POLYIMIDE 

n 

n 

1102 

20 

0 


D 

n 

1 103 

20 

0 


D 

n 

1104 

20 

0 


a 

ft 

1 105 

20 

0 


D 

n 

1106 

20 

0 


D 

n 

1107 

20 

0 


D 

n 

1100 

20 

0 


D 

n 

1109 

20 

0 


D 

n 

1110 

20 

0 


D 

n 

nil 

20 

0 


□ 

n 

1112 

20 

0 


□ 

n 

1113 

20 

0 


n 

n 

1114 

20 

0 


a 

n 

1115 

20 

0 


a 

n 

1116 

20 

0 


□ 

Cl 

1117 

20 

0 


□ 


CTIU. FI Import 1TAS_N0 UIX! Allowed PgDn PgUp Home End 

SIIF'l' FI Import Column Shlft-F5Del/Pur 

FI Save/Purge F2ne]p FlAutoGen F4Purge FBDelete F7Mark/UnMark FlOSearch 







APPENDIX G ITAS NODE DATA FOR MOT-CASE 


6gCL r I :CopyiififiSfiSS ITAS Node Data Entry For Tlierniai Analysis SSfififeiififiESC:Qo 1 Ltif 


n 

n 

SEf.lM 

NodeNo 

Temp-C ThrMass 

Dlssip Comment 

n 

n 

ti 

] 

901 

20 

0 

EPS HOUSING WALLS +X 

ti 

n 

2 

902 

20 

0 

1 Y 

n 

u 

1 

903 

20 

0 

1 Y 

n 

n 

-1 

901 

20 

0 

1 Y 

n 

n 

5 

905 

20 

0 

1 Y 

n 

11 

6 

90f> 

20 

0 

+ 7, 

n 

It 

7 

907 

20 

0 

-X 

n 

n 

n 

900 

20 

0 

-Y 

ri 

II 

9 

909 

20 

0 

-y 

n 

n 

10 

910 

20 

0 

-Y 

11 

n 

1 1 

911 

20 

0 

-Y 

El 

n 

1 2 

912 

20 

0 

-Z 

n 

n 

1 } 

-913 

10 

0 

BOUNDARY NODE TO 906 

ti 

n 

1 •! 

921 

20 

0 

HOUSING +Y BOTTOM RAIL 

n 

ri 

1 S 

922 

20 

0 

lY MIDDLE RAIL 

ri 

11 

1 0 

923 

20 

0 

+Y TOP RAIL 

n 

ri 

1 1 

9 21 

20 

0 

-Y BOTTOM RAIL 

n 

(1 

1 M 

9 25 

20 

0 

-Y MIDDLE RAIL 

n 

<ii)i 

!0(M!edhe<idh(S6(j<iilSSfi66{}<iii6Sd6e<ieeee66e6<iS(le86M(}§ee§eil§{jeS66{S6<161je5h<ld(jijt:<;de(T’!i 

f’V 

criM,-11 import 1TAS_NC UDC Allowed 

?illl-T-Fl lm()ort Column 

I'lSavc/Purge F2Ilelp FlAutoGen 

PgDn PgUp Home End 

Shlft-F5Del/Pur 

FlPurge FSUelete F7Mark/UnMatk F10S(?.iich 


efiCtr I :Copy666S6§8 ITAS Node Data Entry For Thermal Analysis §et5g6eeeESC:OuiteE 


El 

ri 

sr:0N 

NodeNo 

Temp-C 

ThrMass Dlssip 

Commen t 

n 

n 

n 

19 

926 

20 

0 

-Y TOP RAIL 

n 

n 

20 

601 

20 

.037 

TOP PCB THERMAL PLANE 

n 

11 

2 1 

602 

20 

.0175 


ti 

11 

2 2 

60 3 

20 

.01995 


n 

n 

2 3 

601 

20 

. 01 


n 

ti 

21 

605 

20 

.011 


ri 

ri 

25 

606 

20 

.060 


n 

ri 

26 

607 

20 

.011 


n 

n 

2 7 

600 

20 

0 


n 

ti 

20 

609 

20 

0 


n 

n 

2.9 

610 

20 

. 000 


n 

ti 

30 

61 1 

20 

. 008 


n 

n 

3 1 

61 2 

20 

.01 1 


n 

n 

3,^ 

6 1 3 

20 

0 


n 

11 

3 1 

611 

20 

0 


n 

II 

31 

615 

20 

.009 


n 

11 

3S 

6 16 

20 

. .009 


n 

II 

36 

617 

20 

.001 


ri 




(.'TIM, I 'I I iiipor t 1TAS_NC UDC Allowed PgDn PgUp Iloiiie End 

SIIIT-I'I Import Column Shi ft-F5Del/Pur 

I'l Savc/Purge F2llelp FlAutoGen F-lPurge FSDelete F7Mark/UnMark FlOSearch 





I 


^SCtrJ:Copy6S6M§6fi ITAS Node Data Entry For Thermal Analysis 6§&86686ESC:0ult6£ 

a a 


□ 

SEQN 

NodeNo 

Temp-C 

ThrMass Disslp 

Comment n 

a 

127 

118 

20 

0 

a 

a 

128 

1601 

20 

.113 

BOTTOM PCB THERMAL PLANE COPPER n 

n 

129 

1602 

20 

.066 

□ 

□ 

130 

1603 

20 

.025 

n 

D 

131 

1604 

20 

0 

D 

a 

1 32 

1605 

20 

0 

□ 

□ 

133 

1606 

20 

.175 

□ 

n 

134 

1607 

20 

0 

□ 

□ 

1 35 

1608 

20 

0 

□ 

□ 

1 36 

1609 

20 

. 375 

□ 

□ 

1 3 7 

1610 

20 

.105 

□ 

□ 

1 30 

1611 

20 

.15 

□ 

n 

1 39 

1612 

20 

0 

n 

n 

140 

1613 

20 

0 

□ 

□ 

141 

1614 

20 

0 

□ 

n 

142 

1615 

20 

0 

D 

□ 

143 

1616 

20 

0 

□ 

□ 

144 

1617 

20 

0 

n 


iiggegegggggggggggggggggggggggggggggggggggggggggggggggggggggggggggegggggggggggggY 
CTRL-FlImport ITAS_NC UDC Allowed PgDn PgUp Home End 

SIIFT-FlImport Column Shlft-F5Del/Pur 

FlSave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
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appendix J I ITAS OUTPUT FOR COLD-CASE 


TOTM, SURFACES IN THIS MODEL= 42 
rOTAI, SURFACES IN THIS MODEL= 4 2 


PC-ITAS Summary of Input Parameters 
These parameters reflect the latest values assigned to them 
prior to any computation 
TOTAL SURFACES IN THIS MODEL= 42 




Date: 05/20/94 Time: 14:35:32.10 

■kMiiic^'kic^t'Ait'kiticitii-kicicIficicificific-kicii-kiflcic'kic'kit'k-kicic'kfcicicIc'k'kicicii'kir-kic^-k'k'k-k'kicic'k'kitlcic-k-k'Akific'kk-A-Aii.'k'k 


Tliermal Analysis Parameters 

1. Solution Method:1.Steady-State 2.Transient 3. (1&2). 

2. Solution Time Step .(minutes). 

j. Final Time (minutes);if <0 then no of orbs. 

4 Starting Temperature .(Kelvin ). 

5. Temperature Print Interval (minutes). 

0. No. of Iterations For Cotivergence (NLOOP). 

7. Temperature Unit 1:K, 2:C, 3;F, 4:R. 

0. Solution Accuracy Parameter (not used). 

9. Solution Convergence Parameter (not used). 

10. Solution Tolerance (ARLXCA, DRLXCA). 

11. 'transient Solution Stability Factor (not used). 


12. Include User-Defined Network.(Y/N) 

13. Print RADK, POWER.(V/N) 


14. Print Transient Time/Temperature...(Y/N). 

15. Starting Temperatures Forced (No.4)(y/N). 

lb. 'I'hermal Analyses Without Orbital Loads (Y/N). 

17. Stand-Alone Thermal Analyzer (ITAS-Pormat Models) 

18. No. of Isolated Cavities (RADK files). 


1 

0.10 
- 1.00 
300.00 
20 
9999 
2 

130 
1 . 30 
0.00100 
0.850 

Y 
N 
N 
N 

Y 

Y 
0 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS THERMAL ANALYSIS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
ITAS THERMAL ANALYZER: 

*i;rror*data error encountered 

* ERROR* FOR C0DE= 

END OF RADIATION CONDUCTANCE 6 POWER PROCESSING 
THERMAL DATA PREP ERROR CODE= 1 

Date: 05/20/94 Time: 14:30:44.10 

kA*A<iAlkJ,***),),k*****it****************!*****i,A*************M*il************-HL*t*1,*ii1, 


liieiiiiOl Analysis Parameters 

1. Solution Method:1.Steady-State 2.Transient 3. (162) . 

2. Solution Time Step .(minutes). 

3. Final Time (minutes);if <0 then no of orbs. 

4. Starting Temperature .(Kelvin ). 

5. I'oinperature Print Interval (minutes). 

(i. No. of Iterations For Convergence (NLOOP). 

7. Temperature Unit 1:K, 2:C, 3:F, 4:R . 

0. Solution Accuracy Parameter (not used). 

9. :;olutlon Convergence Parameter (not used). 

10 .olutlon Tolerance (ARLXCA, DRI.XCA). 

n. I t .lo.s H‘nl .Solution StaliMtly Far tfu (not used). 


1 

0.10 
- 1.00 
300.00 
20 
9999 
2 

1 30 
1 . 30 
0 .no 1 no 

U . MMi 










































* 


12. Include User-Defined Network.(Y/N) 

13. Print RADK, POWER.(Y/N) 


14. Print Transient Time/Temperature...(Y/N). 

15. Starting Temperatures Forced (No.4)(Y/N). 

16. Thermal Analyses Without Orbital Loads (Y/N). 

17. Stand-Alone Thermal Analyzer (ITAS-Pormat Models) 

18. No. of Isolated Cavities (RADK files). 


Y 
N 
N 
N 

Y 
N 
0 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS THERMAL ANALYSIS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 






Date: 05/20/94 


Time: 


38:44.10 


View Factor Computation Parameters 


1. View Factor Accuracy Parameter.2 

2. Engineering Units of the Geometry Data: 

l:inch, 2:feet, 3:centimeter, 4:meter.1 

3. View Factor Computation without Blockage (Y/N).N 

4. Print Control Parameters: 


0;Do Not Print; 1:Print All; 2:Print All & Intervener Llst.O 
5. View-Factor Re-Start File... 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS VIEW FACTOR COMPUTATIONS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
INPUT IS IN INCHES 
OUTPUT IS IN CENTIMETERS 
TOTAL SURFACES IN THIS MODEL= 42 


UNITY MINUS THE SUM OF THE FACTORS 
(VIEW FACTOR -to- SPACE) 

SURFACE l.-PACT KEY 

1.01 0.3965 ( 3) 

1.02 0.3648 ( 25) 

1.03 0.3930 ( 26) 

1.04 0.3858 ( 27) 

1.05 0,3524 ( 28) 

1.06 0.8752 ( 1) 

1.07 0.3811 ( 4) 

1.08 0.3527 ( 29) 

1.09 0.3855 ( 30) 

1.10 0.3854 ( 31) 

1.11 0.3524 ( 32) 

1.12 -0.0024 ( 2) 

2.01 0.6859 ( 42) 

2.02 0.6949 ( 40 ) 

2.03 0,9450 ( 37 ) 

2.04 0.9497 ( 33 ) 

2.05 0.6709 ( 20 ) 
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2.06 

0.5751 

( 

41) 

2.07 

0.7484 

( 

39) 

2.08 

0.7874 

( 

36) 

2.09 

0.7810 

( 

22) 

2.10 

0.7203 

1 

\ 

18) 

3.01 

0.7066 

( 

23) 

3.02 

0.8437 

( 

16) 

3.03 

0.8486 

( 

15) 

3.04 

0.7683 

( 

12) 

3.05 

0.7970 

( 

21) 

3.06 

0.9587 

( 

14) 

3.07 

0.9678 

( 

13) 

3.08 

0.8683 

( 

10) 

4.01 

-0.0193 

( 

8) 

4.02 

-0.0115 

( 

6) 

4.03 

-0.0117 

( 

11) 

4.04 

-0.0154 

( 

19) 

4.05 

-0.0348 

( 

34) 

4.06 

-0.0001 

( 

24) 

4.07 

-0.0003 

( 

35) 

4.08 

0.0000 

( 

38) 

4.09 

-0.0171 

( 

7) 

4.10 

-0.0116 

( 

5) 

4,11 

-0.0118 

( 

9) 

4.12 

-0.0112 

( 

17) 


ACTIVE SURFACES IN OUTPUT- 42 




VIEW FACTOR CALC CPU TIME (second) = 


34.7100 


** END OF PC-ITAS VIEW FACTOR CALCULATIONS ** 
/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/ 


Date: 05/20/94 Time: 14:39:19.10 


Script-F Control Parameters 


1. SPACE (SINK) Node Number. 0 

2. Cutoff Limit For Area*Script-F (Sq.cm.).0.5000E+00 

3. Cutoff Limit For Blackbody Viewfactors. 0.0000 

4. SPACE (SINK) Node Emissivlty. 0.9999 

5. SPACE (SINK) Node Temperature (Kelvin). 0.0000 

6. SINDA-format RADK file to be generated (Y/N). N 

7. SINDA Radiation Conductor Number At Start. 100000 

8. Print control: 0:No,do not print, l:Yes, print all. 0 

9. File name to store RADKs.EPS.RAD 


Seq 

Surface No 

Node No 

Alpha 

Emiss 

T/Mass 

Dissip 

Matr ID 

1 

1.01 

1 

0.40 

0.80 

1.00 

0.00 

0 

2 

1.02 

2 

0.40 

0.80 

1.00 

0.00 

0 

3 

1.03 

3 

0.40 

0.80 

1.00 

0.00 

0 

4 

1.04 

4 

0.40 

0.80 

1.00 

0.00 

0 

5 

1.05 

5 

0.40 

0.80 

1.00 

0.00 

0 

6 

1.06 

6 

0.40 

0.80 

1.00 

0.00 

0 

7 

1,07 

7 

0.40 

0.60 

1.00 

0.00 

0 
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8 

1.08 

8 

0.40 

0.80 

1.00 

0.00 

0 

9 

1.09 

9 

0.40 

0.80 

1.00 

0.00 

0 

10 

1.10 

10 

0.40 

0.80 

1.00 

0.00 

0 

11 

1.11 

11 

0.40 

0.80 

1.00 

0.00 

0 

12 

1.12 

12 

0.40 

0.80 

1.00 

0.00 

0 

13 

2.01 

13 

0.00 

0.01 

1.00 

0.00 

0 

14 

2.02 

14 

0.00 

0.01 

1.00 

0.00 

0 

15 

2.03 

15 

0.00 

0.01 

1.00 

0.00 

0 

16 

2.04 

16 

0.00 

0.01 

1.00 

0.00 

0 

17 

2.05 

17 

0.00 

0.01 

1.00 

0.00 

0 

10 

2.06 

18 

0.00 

0.01 

1.00 

0.00 

0 

19 

2.07 

19 

0.00 

0.01 

1.00 

0.00 

0 

20 

2.08 

20 

0.00 

0.01 

1.00 

0.00 

0 

21 

2.09 

21 

0.00 

0.01 

1.00 

0.00 

0 

22 

2.10 

22 

0.00 

0.01 

1.00 

0.00 

0 

23 

3.01 

23 

0.00 

0.01 

1.00 

0.00 

0 

24 

3.02 

24 

0.00 

0.01 

1.00 

0.00 

0 

25 

3.03 

25 

0.00 

0.01 

1.00 

0.00 

0 

26 

3.04 

26 

0.00 

0.01 

1.00 

0.00 

0 

27 

3.05 

27 

0.00 

0.01 

1.00 

0.00 

0 

28 

3.06 

28 

0.00 

0.01 

1.00 

0.00 

0 

29 

3.07 

29 

0.00 

0.01 

1.00 

0.00 

0 

30 

3.08 

30 

0.00 

0.01 

1.00 

0.00 

0 

31 

4.01 

31 

0.00 

0.01 

1.00 

0.00 

0 

32 

4.02 

32 

0.00 

0.01 

1.00 

0.00 

0 

33 

4.03 

33 

0.00 

0.01 

1.00 

0.00 

0 

34 

4.04 

34 

0.00 

0.01 

1.00 

0.00 

0 

35 

4.05 

35 

0.00 

0.01 

1.00 

0.00 

0 

36 

4.06 

36 

0.00 

0.01 

1.00 

0.00 

0 

37 

4.07 

37 

0.00 

0.01 

1.00 

0.00 

0 

38 

4.08 

38 

0.00 

0.01 

1.00 

0.00 

0 

39 

4.09 

39 

0.00 

0.01 

1.00 

0.00 

0 

40 

4.10 

40 

0.00 

0.01 

1.00 

0.00 

0 

41 

4.11 

41 

0.00 

0.01 

1.00 

0.00 

0 

42 

4.12 

42 

0.00 

0.01 

1.00 

0.00 

0 
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*ITAS SCRIPT-F (RADK) COMPUTATIONS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
PC-ITAS SCRIPT-F CALCULATION SEGMENT: 


Writing 
Node#, 

ITAS-format 
Temp., 

RADK for future use 
The rMas s, Powe r 


1 

10.00 

1.00 

0.00 

EPS 

HOUSING 

2 

10.00 

1.00 

0.00 

EPS 

HOUSING 

3 

10.00 

1.00 

0.00 

EPS 

HOUSING 

4 

10.00 

1.00 

0.00 

EPS 

HOUSING 

5 

10.00 

1.00 

0.00 

EPS 

HOUSING 

6 

10.00 

1.00 

0.00 

EPS 

HOUSING 

7 

10.00 

1.00 

0.00 

EPS 

HOUSING 

8 

10.00 

1.00 

0.00 

EPS 

HOUSING 

9 

10.00 

1.00 

0.00 

EPS 

HOUSING 

10 

10.00 

1.00 

0.00 

EPS 

HOUSING 

11 

10.00 

1.00 

0.00 

EPS 

HOUSING 

12 

10.00 

1.00 

0.00 

EPS 

HOUSING 

1 3 

10.00 

1.00 

0.00 

PCB 

1-1 

14 

10.00 

1.00 

0.00 

PCS 

1-1 

15 

10.00 

1.00 

0.00 

PCB 

1-1 

16 

10.00 

1.00 

0.00 

PCB 

1-1 

17 

10.00 

1.00 

0.00 

PCB 

1-1 

le 

10.00 

1.00 

0.00 

PCB 

1-1 

19 

10.00 

1.00 

0.00 

PCB 

72 

1-1 




1 


t 



20 


10.00 1.00 

0.00 

PCB 

1-1 


21 


10.00 1.00 

0.00 

PCB 

1-1 


22 


10.00 1.00 

0.00 

PCB 

1-1 


23 


10.00 1.00 

0.00 

PCB 

1-2 


24 


10.00 1.00 

0.00 

PCB 

1-2 


25 


10.00 1.00 

0.00 

PCB 

1-2 


26 


10.00 1.00 

0.00 

PCB 

1-2 


27 


10.00 1.00 

0.00 

PCB 

1-2 


26 


10.00 1.00 

0.00 

PCB 

1-2 


2 j 


10.00 1.00 

0.00 

PCB 

1-2 


30 


10.00 1.00 

0.00 

PCB 

1-2 


31 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


32 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


33 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


34 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


35 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


36 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


37 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


38 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


39 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


40 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


41 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 


42 


10.00 1.00 

0.00 

PCB 

2 (BOTTOM) 

RAD 


00 

0.1295000000E+01 


1 

4 

BAD 


00 

0.3408000000E+01 


1 

5 

RAD 


00 

0.1231900000E+02 


1 

6 

RAD 


00 

0.1441000000E+01 


1 

7 

RAD 


00 

0.1166000000E+01 


1 

10 

RAD 


00 

0.3754000000E+01 


1 

11 

RAD 


00 

0.9037000000E+01 


1 

12 

RAD 


00 

0.5500000000E+00 


2 

3 

RAD 


00 

0.3313000000E+01 


2 

6 

RAD 


00 

0.3342000000E+01 


2 

7 

RAD 


00 

0.2634000000E+01 


2 

12 

RAD 


00 

0.9950000000E+00 


3 

4 

RAD 


00 

0.3602000000E+01 


3 

6 

RAD 


00 

0.9060000000E+00 


3 

7 

RAD 


00 

0.2767000000E+01 


3 

12 

RAD 


00 

0.7580000000E+00 


4 

5 

RAD 


00 

0.3602000000E+01 


4 

6 

RAD 


00 

0.2770000000E+01 


4 

12 

RAD 


00 

0.3314000000E+01 


5 

6 

RAD 


00 

0.2622000000E+01 


5 

12 

RAD 


00 

0.1230000000E+02 


6 

7 

RAD 


00 

0.3314000000E+01 


6 

8 

RAD 


00 

0.3600000000E+01 


6 

9 

RAD 


00 

0.3601000000E+01 


6 

10 

RAD 


00 

0.3314000000E+01 


6 

11 

RAD 


00 

0.1643000000E+01 


6 

12 

RAD 


00 

0.3619000000E+01 


7 

6 

RAD 


00 

0.1020000000E+01 


7 

9 

RAD 


00 

0.9591000000E+01 


7 

12 

RAD 


00 

0.7e00000000E+00 


8 

9 

RAD 


00 

0.2629000000E+01 


8 

12 

RAD 


00 

0.7910000000E+00 


9 

10 

RAD 


00 

0.2762000000E+01 


9 

12 

RAD 


00 

0.2766000000E+01 

10 

12 

RAO 


00 

0.2615000000E«01 

11 

12 

RAD 


00 

0.S660000000E«00 

12 

32 

RAD 


00 

0.5UOOOOOOOE+00 

12 

39 


73 









RAD 


00 


0.61X0000000E+00 


12 


40 


KOF RADIATION CONDUCTANCES GENERATED= 38 

ifidcickiackick-kifk'kidc-k'k'k-kidtifk'kicil'kiiic-kick'kickfc 

SCRIPT-F CALC CPU TIME (second) = 2.58000 

ITAS THERMAL ANALYZER: 

vvvvvvvvvvvvvvvvvvvv ADDING USER NODES vvvvvvvvvvv 


IPTR N= 
RECORD 

5022 
5022 = 

1 

901 

20 

0 

EPS HOUSING WALLS +X 

RECORD 

5023 = 

2 

902 

20 

0 

+y 

RECORD 

5024 = 

3 

903 

20 

0 

+y 

RECORD 

5025 = 

4 

904 

20 

0 

+y 

RECORD 

5026 = 

5 

905 

20 

0 

+y 

RECORD 

5027 = 

6 

906 

20 

0 

+z 

RECORD 

5028 = 

7 

907 

20 

0 

-X 

RECORD 

5029 = 

8 

908 

20 

0 

-y 

RECORD 

5030 = 

9 

909 

20 

0 

-y 

RECORD 

5031 = 

10 

910 

20 

0 

-y 

RECORD 

5032 = 

11 

911 

20 

0 

-y 

RECORD 

5033 = 

12 

912 

20 

0 

-z 

RECORD 

5034 = 

13 

-913 

0 

0 

BOUNDARY NODE TO 906 

RECORD 

5035= 

14 

921 

20 

0 

HOUSING +y BOTTOM RAIL 

RECORD 

5036 = 

15 

922 

20 

0 

+y MIDDLE RAIL 

RECORD 

5037 = 

16 

923 

20 

0 

+y TOP RAIL 

RECORD 

5038 = 

17 

924 

20 

0 

-y BOTTOM RAIL 

RECORD 

5039 = 

18 

925 

20 

0 

-y MIDDLE RAIL 

RECORD 

5040 = 

19 

926 

20 

0 

-Y TOP RAIL 

RECORD 

5041 = 

20 

601 

20 

.058 

TOP PCB THERMAL PLANE 

RECORD 

5042 = 

21 

602 

20 

.070 


RECORD 

5043 = 

22 

603 

20 

.026 


RECORD 

5044 = 

23 

604 

20 

.001 


RECORD 

5045 = 

24 

605 

20 

0 


RECORD 

5046 = 

25 

606 

20 

0 


RECORD 

5047 = 

26 

607 

20 

0 


RECORD 

5048 = 

27 

608 

20 

0 


RECORD 

5049 = 

28 

609 

20 

0 


RECORD 

5050 = 

29 

610 

20 

0 


RECORD 

5051 = 

30 

611 

20 

0 


RECORD 

5052 = 

31 

612 

20 

0 


RECORD 

5053 = 

32 

613 

20 

0 


RECORD 

5054 = 

33 

614 

20 

0 


RECORD 

5055 = 

34 

615 

20 

0 


RECORD 

5056 = 

35 

616 

20 

0 


RECORD 

5057 = 

36 

617 

20 

0 


RECORD 

5058 = 

37 

618 

20 

0 


RECORD 

5059 = 

38 

501 

20 

0 

5TH LAYER POLYIMIDE 

RECORD 

5060 = 

39 

502 

20 

0 


RECORD 

5061 = 

40 

503 

20 

0 


RECORD 

5062 = 

41 

504 

20 

0 


RECORD 

5063 = 

42 

505 

20 

0 


RECORD 

5064 = 

43 

506 

20 

0 


RECORD 

5065 = 

44 

507 

20 

0 


RECORD 

5066 = 

45 

508 

20 

0 


RECORD 

5067 = 

46 

509 

20 

0 


RECORD 

5068 = 

47 

510 

20 

0 


RECORD 

5069- 

48 

511 

20 

0 


RECORD 

5070- 

49 

512 

20 

0 


RECORD 

5071- 

50 

513 

20 

0 


RECORD 

5072- 

51 

514 

20 

0 



7 >* 








RECORD 

5073 = 

52 

515 

20 

0 

RECORD 

5074 = 

53 

516 

20 

0 

RECORD 

5075 = 

54 

517 

20 

0 

RECORD 

5076 = 

55 

518 

20 


RECORD 

5077 = 

56 

401 

20 

.003 

RECORD 

5078 = 

57 

402 

20 

.004 

RECORD 

5079 = 

58 

403 

20 

.001 

RECORD 

5080 = 

59 

404 

20 

.001 

RECORD 

5081 = 

60 

405 

20 

0 

RECORD 

5082 = 

61 

406 

20 

0 

RECORD 

5083 = 

62 

407 

20 

0 

RECORD 

5084 = 

63 

408 

20 

0 

RECORD 

5085 = 

64 

409 

20 

0 

RECORD 

5086 = 

65 

410 

20 

0 

RECORD 

5087 = 

66 

411 

20 

0 

RECORD 

5088 = 

67 

412 

20 

0 

RECORD 

5089 = 

68 

413 

20 

0 

RECORD 

5090 = 

69 

414 

20 

0 

RECORD 

5091 = 

70 

415 

20 

0 

RECORD 

5092 = 

71 

416 

20 

0 

RECORD 

5093 = 

72 

417 

20 

0 

RECORD 

5094 = 

73 

418 

20 

0 

RECORD 

5095 = 

74 

301 

20 

0 

RECORD 

5096 = 

75 

302 

20 

0 

RECORD 

5097 = 

76 

303 

20 

0 

RECORD 

5098 = 

77 

304 

20 

0 

RECORD 

5099 = 

78 

305 

20 

0 

RECORD 

5100 = 

79 

306 

20 

0 

RECORD 

5101 = 

80 

307 

20 

0 

RECORD 

5102 = 

81 

308 

20 

0 

RECORD 

5103 = 

82 

309 

20 

0 

RECORD 

5104 = 

83 

310 

20 

0 

RECORD 

5105 = 

84 

311 

20 

0 

RECORD 

5106 = 

85 

312 

20 

0 

RECORD 

5107 = 

86 

313 

20 

0 

RECORD 

5108 = 

87 

314 

20 

0 

RECORD 

5109 = 

88 

315 

20 

0 

RECORD 

5110 = 

89 

316 

20 

0 

RECORD 

5111 = 

90 

317 

20 

0 

RECORD 

5112 = 

91 

318 

20 

0 

RECORD 

5113 = 

92 

201 

20 

0 

RECORD 

5114 = 

93 

202 

20 

0 

RECORD 

5115 = 

94 

203 

20 

0 

RECORD 

5116 = 

95 

204 

20 

0 

RECORD 

5117 = 

96 

205 

20 

0 

RECORD 

5118 = 

97 

206 

20 

0 

RECORD 

5119 = 

98 

207 

20 

0 

RECORD 

5120 = 

99 

208 

20 

0 

RECORD 

5121 = 

100 

209 

20 

0 

RECORD 

5122 = 

101 

210 

20 

0 

RECORD 

5123 = 

102 

211 

20 

0 

RECORD 

5124 = 

103 

212 

20 

0 

RECORD 

5125 = 

104 

213 

20 

0 

RECORD 

5126 = 

105 

214 

20 

0 

RECORD 

5127 = 

106 

215 

20 

0 

RECORD 

5128 = 

107 

216 

20 

0 

RECORD 

5129 = 

108 

217 

20 

0 

RECORD 

5130- 

109 

216 

20 

0 

PI CORD 

51 li¬ 

no 

.'01 

20 

0 

RECORD 

st 32- 

111 

102 

20 

c 


75 


GROUND LAYER COPPER 


6 

( 


t 


3RD LAYER POLYIMIDE 


SIGNAL LEVEL (VERY LITTLE CU) 


TOP LAYER POLYIMIDE 






RECORD 

b 1 3 3 = 

112 

103 

20 

RECORD 

5134 = 

113 

104 

20 

RECORD 

5135 = 

114 

105 

20 

RECORD 

5136 = 

115 

106 

20 

RECORD 

5137 = 

116 

107 

20 

RECORD 

5138 = 

117 

108 

20 

RECORD 

5139 = 

118 

109 

20 

RECORD 

5140 = 

119 

110 

20 

RECORD 

5141 = 

120 

111 

20 

RECORD 

5142 = 

121 

112 

20 

RECORD 

5143 = 

122 

113 

20 

RECORD 

5144 = 

123 

114 

20 

RECORD 

5145 = 

124 

115 

20 

RECORD 

5146 = 

125 

116 

20 

RECORD 

5147 = 

126 

117 

20 

RECORD 

5148 = 

127 

118 

20 

RECORD 

5149 = 

128 

1601 

20 

RECORD 

5150 = 

129 

1602 

20 

RECORD 

5151 = 

130 

1603 

20 

RECORD 

5152 = 

131 

1604 

20 

RECORD 

5153 = 

132 

1605 

20 

RECORD 

5154 = 

133 

1606 

20 

RECORD 

5155 = 

134 

1607 

20 

RECORD 

5156 = 

135 

1608 

20 

RECORD 

5157 = 

136 

1609 

20 

RECORD 

5158 = 

137 

1610 

20 

RECORD 

5159 = 

138 

1611 

20 

RECORD 

5160 = 

139 

1612 

20 

RECORD 

5161 = 

140 

1613 

20 

RECORD 

5162 = 

141 

1614 

20 

RECORD 

5163 = 

142 

1615 

20 

RECORD 

5164 = 

143 

1616 

20 

RECORD 

5165 = 

144 

1617 

20 

RECORD 

5166 = 

145 

1618 

20 

RECORD 

5167 = 

146 

1501 

20 

RECORD 

5168 = 

147 

1502 

20 

RECORD 

5169 = 

148 

1503 

20 

RECORD 

517 0 = 

149 

1504 

20 

RECORD 

517 1^ 

150 

1505 

20 

RECORD 

5172 = 

151 

150b 

20 

RECORD 

517 3 = 

152 

1507 

20 

RECORD 

5 17 4 = 

153 

1508 

20 

R iX'OR D 

5175 = 

154 

1509 

20 

RECf)RD 

5 176 = 

155 

1510 

20 

■R i-.'C.'OR D 

517 7 = 

1 56 

isn 

20 

RECtJRD 

5178 = 

157 

1512 

20 

(•T-.f-ORD 

5179 = 

158 

1513 

20 

RECORD 

5180 = 

159 

1514 

20 

RECORD 

5181 = 

160 

1515 

20 

R I'C'CjR D 

518 2 = 

1 6 1 

1516 

20 

R KCj[;D 

5183 = 

162 

15i7 

20 

RECurd 

5 184 = 

1 6 3 

1518 

20 

''ECORD 

5 18 5 = 

164 

1401 

20 

RECORD 

5 18 6 = 

165 

1402 

20 

RECORD 

5 18 7 = 

166 

’.40 3 

20 

R ECOR D 

5188 = 

167 

1404 

20 

RECORD 

5189 = 

168 

1405 

20 

RECuRD 

5190 = 

169 

1406 

20 

REt'ORD 

5 19 1 = 

1 70 

1407 

20 

R^ 'URTi 

5 192. 

1 71 

1 408 

20 


BOTTOM PCB THERMAL PLANE COPPER 


5TH LAYER POLYIMIDE 


GROUND LAYER COPPER 




RECORD 

5193= 172 

1409 

20 

RECORD 

5194= 173 

1410 

20 

RECORD 

5195= 174 

1411 

20 

RECORD 

5196= 175 

1412 

20 

RECORD 

5197= 176 

1413 

20 

RECORD 

5198= 177 

1414 

20 

RECORD 

5199= 178 

1415 

20 

RECORD 

5200= 179 

1416 

20 

RECORD 

5201= 180 

1417 

20 

RECORD 

5202= 181 

1418 

20 

RECORD 

5203= 182 

1301 

20 

RECORD 

5204= 183 

1302 

20 

RECORD 

5205= 184 

1303 

20 

RECORD 

5206= 185 

1304 

20 

RECORD 

5207= 186 

1305 

20 

RECORD 

5208= 187 

1306 

20 

RECORD 

5209= 188 

1307 

20 

RECORD 

5210= 189 

1308 

20 

RECORD 

5211= 190 

1309 

20 

RECORD 

5212= 191 

1310 

20 

RECORD 

5213= 192 

1311 

20 

RECORD 

5214= 193 

1312 

20 

RECORD 

5215= 194 

1313 

20 

RECORD 

5216= 195 

1314 

20 

RECORD 

5217= 196 

1315 

20 

RECORD 

5218= 197 

1316 

20 

RECORD 

5219= 198 

1317 

20 

RECORD 

5220= 199 

1318 

20 

RECORD 

5221= 200 

1201 

20 

RECORD 

5222= 201 

1202 

20 

RECORD 

5223= 202 

1203 

20 

RECORD 

5224= 203 

1204 

20 

RECORD 

5225= 204 

1205 

20 

RECORD 

5226= 205 

1206 

20 

RECORD 

5227= 206 

1207 

20 

RECORD 

5228= 207 

1208 

20 

RECORD 

5229= 208 

1209 

20 

RECORD 

5230= 209 

1210 

20 

RECORD 

5231= 210 

1211 

20 

RECORD 

5232= 211 

1212 

20 

RECORD 

5233= 212 

1213 

20 

RECORD 

5234= 213 

1214 

20 

RECORD 

5235= 214 

1215 

20 

RECORD 

5236= 215 

1216 

20 

RECORD 

5237= 216 

1217 

20 

R ECOR D 

5238= 217 

1218 

20 

RECORD 

5239= 218 

1101 

20 

RECORD 

5240= 219 

1102 

20 

RECORD 

5241= 220 

1103 

20 

RECORD 

5242= 221 

1104 

20 

RECORD 

5243= 222 

1105 

20 

RECORD 

5244= 223 

1106 

20 

RECORD 

5245= 224 

1107 

20 

RECORD 

5246= 225 

1108 

20 

RECORD 

5247= 226 

1109 

20 

RECORD 

5248= 111 

1110 

20 

RECORD 

5249- 228 

1111 

20 

RECORD 

5250- 229 

1112 

20 

HEC'ORD 

5251= 230 

1113 

20 

RECX)RD 

5252- 231 

1114 

20 


0 
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0 
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0 

0 

0 

0 

0 

0 

0 3RD LAyPP POr.VTMinE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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-- END 
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( 

END OF 

FLUID 

-- - * 


TOTAL THERMAL MASS ENCOUNTERED (W-MIN/C)= 1329.04 
TOTAL THERMAL MASS ENCOUNTERED (BTU /F)= 42.0002 


A A ^ A ^ 

^ ^ ^ ^ ^ 

^ 

END 

OF FLUID ' 

^ ^ ^ ^ * 
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END OF RADIATION CONDUCTANCE 6. POWER PROCESSING 
HAS THERMAL ANALYSIS: 


CHECKOUT PHASE OF PC-ITAS THERMAL ANALYSIS 
TOTAL CARDS ENCOUNTERED: 1760 

TO^IAL THERMAL MASSES USED (W-Min/C)- 1 366.04 
TOTAL THERMAL MASSES USED (BTU/F )» 43.1695 
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NO. OF THERMAL NODES= 
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ITAS STEADY-STATE SOLUTION ALGORITHM (SUCCESSIVE POINT ITERATION) PARAMETERS 
ARLXCA=0.lOOOOE-02, DRLXCA=0.lOOOOE-02 NLOOP= 9999 

**********jk*****ll:****)f*********************************»********************* 


ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2586 TOTAL INPUT ENERGY (W)= 0.16400 
SYSTEM ENERGY BALANCE (W)= -8.0523 ( 4909.9 %) 

********************Jki*r********************************** 


T 

1 = 

0.43 

T 

2 = 

0.80 

1 

5 = 

0.77 

T 

6 = 

0.12 

T 

9 = 

0.44 

T 

10 = 

0.44 

T 

13 = 

19.79 

T 

14 = 

19.59 

T 

17 = 

18.55 

T 

18 = 

3.13 

T 

21 = 

0.87 

T 

22 = 

0.97 

T 

25 = 

0.97 

T 

26 = 

0.75 

T 

29 = 

19.25 

T 

30 = 

19.27 

T 

3 3 = 

0.97 

T 

34 = 

1.30 

T 

37 = 

18.87 

T 

38 = 

19.28 

T 

41 = 

0.96 

T 

42 = 

1.26 

T 

903 = 

0.83 

T 

904 = 

0.83 

T 

907 = 

0.56 

T 

908 = 

0.44 

T 

911 = 

0.44 

T 

912 = 

0.51 

T 

922 = 

0.47 

T 

923 = 

0.36 

T 

926 = 

0.36 

T 

601 = 

1. 38 

T 

604 = 

0.75 

T 

605 = 

19.60 

T 

608 = 

19.26 

T 

609 = 

19.79 

T 

612 = 

19.33 

T 

613 = 

18.55 

T 

616 = 

1.54 

T 

617 = 

0.87 

T 

502 = 

3.89 

T 

503 = 

3.62 

T 

506 = 

15.62 

T 

507 = 

15.37 

T 

510 = 

15.32 

T 

511 = 

15.20 

r 

514 = 

5.94 

T 

515 = 

5.68 

T 

518 = 

4.44 

T 

401 = 

6.91 

T 

404 = 

5.58 

T 

405 = 

12.30 

T 

408 = 

9.94 

T 

409 = 

11.44 

T 

412 = 

11.34 

T 

413 = 

10.08 

T 

416 = 

8.47 

T 

417 = 

7.62 

T 

302 = 

6.10 

T 

303 = 

5.67 

T 

306 = 

12.06 

T 

307 = 

11.54 

T 

310 = 

11.26 

T 

311 = 

11.17 

T 

314 = 

7.52 

T 

315 = 

7.50 

T 

318 = 
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201 = 

5.70 

T 

204 = 
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T 

205 = 
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T 

208 = 

9.94 

T 

209 = 

11.44 

T 

212 = 
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T 
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10.07 

T 

216 = 

6 . 36 

T 
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5.70 

T 

102 = 

4.93 
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103 = 

4 . 59 

T 

106 = 

12.06 

T 

107 = 

11.54 

T 

1 10 = 

11.26 

T 

111 = 

11.17 

T 

114 = 

5 . 32 

T 

115 = 

5.95 

■1' 

118 = 

4.80 

T 

1601 = 

0.88 

T 

1604 = 

1 . 30 

T 

1605 = 

18.46 

T 

1608 = 

19.26 

T 

1609 = 

0.88 

T 

1612 = 

1.26 
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161 3- 

20.00 

T 

1616- 

20.00 

T 

1617- 

20.00 

T 

1502- 

1.90 
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1503- 

2.00 

T 

1506- 

11.79 

T 

1507- 

12.10 

T 

1510- 

1 .97 

T 

1511- 

2.07 
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3 = 

0.83 
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0.83 
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7 = 

0.56 
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0.44 
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11 = 

0.44 
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0.51 
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19.33 
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1.55 
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1.03 
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19.60 
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19.24 
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31 = 

0.88 

T 

32 = 

0.86 

T 

35 = 

18.46 

T 

36 = 

18.33 

T 

39 = 

0.88 

T 

40 = 

0.86 

T 

901 = 

0.43 

T 

902 = 

0.80 

T 

905= 

0.77 

T 

906 = 

0.12 

T 

909= 

0.44 

T 

910 = 

0.44 

T 

913= 

0.00 

T 

921 = 

0.50 

T 

924 = 

0.50 

T 

925 = 

0.46 

T 

602 = 

1.03 

T 

603 = 

0.97 

T 

606 = 

19.24 

T 

607 = 

19.25 

T 

610= 

19.59 

T 

611 = 

19,39 

T 

614 = 

3.13 

T 

615 = 

2.51 

T 

618 = 

0.97 

T 

501 = 

4.19 

T 

504 = 

3.19 

T 

505 = 

15.90 

T 

508 = 

14.53 

T 

509 = 

15.54 

T 

512 = 

15.29 

T 

513 = 

14.24 

T 

516 = 

5.08 

T 

517 = 

4.29 

T 

402 = 

6.69 

T 

403 = 

6.21 

T 

406 = 

12.05 

T 

407 = 

11.54 

T 

410 = 

11.26 

T 

4il = 

11.16 

T 

414 = 

8.62 

T 

415 = 

8.66 

T 

418 = 

7.77 

T 

301 = 

6 . 31 

T 

304 = 

4.99 

T 

305 = 

12.30 

T 

308 = 

9.94 

T 

309 = 

11.44 

T 

312 = 

11.34 

T 

313 = 

10.08 

T 

316 = 

7.42 

T 

317 = 

6.66 

T 

202 = 

5.51 

T 

203 = 

5.13 

T 

206 = 

12.06 

T 

207 = 

11.54 

T 

210 = 

11.26 

T 

211 = 

11.17 

T 

214 = 

6.42 

T 

215 = 

6 . 34 

T 

218 = 

5.79 

T 

101 = 

5.10 

T 

104 = 

3.80 

T 

105 = 

12.30 

T 

108 = 

9.94 

T 

109 = 

11.44 

T 

112 = 

11.34 

T 

113 = 

10.07 

T 

116 = 

5.31 

T 

117 = 

4.74 

T 

1602 = 

0.86 

T 

1603 = 

0.97 

T 

1606 = 

18.33 

T 

1607 = 

18.87 

T 

1610 = 

0.86 

T 

1611 = 

0.96 

T 
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20.00 

T 
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T 

1618 = 

20.00 

T 

1501- 

1 . 90 

T 
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2.22 

T 
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11.83 

T 
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12.28 

T 

1509- 

1 . 97 

T 

1512- 

2.27 

T 

1513- 

10.00 
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T 

1515 = 

20.00 
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1516 = 

20.00 

T 

1517 = 

20.00 

T 

1518 = 

20.00 

T 

1401 = 

2.89 

T 

1402 = 

2.91 

T 

1403 = 

3.00 

T 

1404 = 

3.08 

T 

1405 = 

5.39 

T 

1406 = 

5.41 

T 

1407 = 

5.55 

T 

1408 = 

5.63 

T 

1409 = 

3.03 

T 

1410= 

3.05 

T 

1411 = 

3.14 

T 

1412 = 

3.22 

T 

1413 = 

20.00 

T 

1414 = 

20.00 

T 

1415 = 

20.00 

T 

1416 = 

20.00 

T 

1417 = 

20.00 

T 

1418 = 

20.00 

T 

1301 = 

2.72 

T 

1302 = 

2.74 

T 

1303 = 

2.82 

T 

1304 = 

2.90 

T 

1305 = 

5.39 

T 

1306 = 

5.41 

T 

1307 = 

5.55 

T 

1308 = 

5.63 

T 

1309 = 

2.83 

T 

1310 = 

2.85 

T 

1311 = 

2.94 

T 

1312 = 

3.02 

T 

1313 = 

20.00 

T 

1314 = 

20.00 

T 

1315 = 

20.00 

T 

1316 = 

20.00 
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1 317 = 

20.00 

T 

1318 = 

20.00 

T 

1201 = 

2.54 

T 

1202 = 

2.56 

T 

1203 = 

2.64 

T 

1204 = 

2.72 

T 

1205 = 

5.39 

T 

1206 = 

5.41 

T 

1207 = 

5.55 

T 

1208 = 

5.63 

T 

1209 = 

2.64 

T 

1210 = 

2.66 

T 

1211 = 

2.74 

T 

1212 = 

2.82 

T 

1213 = 

20.00 

T 

1214 = 

20.00 

T 

1215 = 

20.00 

T 

1216 = 

20.00 

T 

1217 = 

20.00 

T 

1218 = 

20.00 

T 

1101 = 

2.37 

T 

1102 = 

2.38 

T 

1103 = 

2.46 

T 

1104 = 

2.54 

T 

1105 = 

5.39 

T 

1106 = 

5.41 

T 

1107 = 

5.55 

T 

1108 = 

5.63 

T 

1109 = 

2.44 

T 

1110 = 

2.46 

T 

1111 = 

2.54 

T 

1112 = 

2.62 

T 

1113 = 

20.00 

T 

1114 = 

20.00 

T 

1115 = 

20.00 

T 

1116 = 

20.00 

T 

1117 = 

20.00 

T 

1118 = 

20.00 

T 










ASCENDING NODE NUMBER : TEMPERATURE 

«*ft«k«*********A*******A«*A*******AA)^4cA**A**A*»1k*****A*AA: 

ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2588 TOTAL INPUT ENERGY (W)= 0.16400 
SYSTEM ENERGY BALANCE (W)= -8.0523 ( 4909.9 %) 

AAXAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA: 


T 

1 = 

0.433 

T 

2 = 

0.796 

T 

3 = 

0.832 

T 

4 = 

0.832 

T 

5 = 

0.770 

T 

6 = 

0.124 

T 

7 = 

0.563 

T 

8 = 

0.438 

T 

9 = 

0.437 

T 

10 = 

0.437 

T 

11 = 

0.438 

T 

12 = 

0.508 

T 

1 3 = 

19.791 

T 

14 = 

19.587 

T 

15 = 

19.386 

T 

16 = 

19.329 

T 

17 = 

18.549 

T 

18 = 

3.130 

T 

19 = 

2.511 

T 

20 = 

1.545 

T 

21 = 

0.869 

T 

22 = 

0.968 

T 

23 = 

1.381 

T 

24 = 

1.030 

T 

25 = 

0.969 

T 

26 = 

0.754 

T 

27 = 

19.596 

T 

28 = 

19.236 

T 

29 = 

19.254 

T 

30 = 

19.265 

T 

31 = 

0.876 

T 

32 = 

0.858 

T 

33 = 

0.966 

T 

34 = 

1.298 

T 

35 = 

18.463 

T 

36 = 

18.326 

T 

37 = 

18.872 

T 

38 = 

19.277 

T 

39 = 

0.885 

T 

40 = 

0.858 

T 

41 = 

0.958 

T 

42 = 

1.260 

T 

101 = 

5.103 

T 

102 = 

4.925 

T 

103 = 

4.595 

T 

104 = 

3.798 

T 

105 = 

12.301 

T 

106 = 

12.056 

T 

107 = 

11.542 

T 

108 = 

9.940 

T 

109 = 

11.437 

T 

110 = 

11.260 

T 

111 = 

11 .166 

T 

112 = 

11.344 

T 

113 = 

10.075 

T 

114 = 

5.318 

T 

115 = 

5.949 

T 

116 = 

5.314 

T 

117 = 

4.742 

T 

118 = 

4.804 

T 

201 = 

5.705 

T 

202 = 

5.513 

T 

203 = 

5.134 

T 

204 = 

4.393 

T 

205 = 

12.301 

T 

206 = 

12.056 

T 

207 = 

11.542 

T 

208 = 

9.940 

T 

209 = 

11.437 

T 

210 = 

11.260 

T 

211 = 

11.166 

T 

212 = 

11.344 

T 

213 = 

10.075 

T 

214 = 

6.419 

T 

215 = 

6 . 337 

T 

216 = 

6.365 

T 

217 = 

5.700 

T 

218 = 

5.795 

n. 

301 = 

6.307 

T 

302 = 

6.100 

T 

303 = 

5.674 

T 

304 = 

4.989 

T 

305 = 

12.301 

T 

306 = 

12.055 

T 

307 = 

11.542 

T 

308 = 

9.939 

T 

309 = 

11.438 

T 

310 = 

11.260 

T 

311 = 

11.165 

T 

312 = 

11.344 

T 

313 = 

10.075 

T 

314 = 

7.521 

T 

315 = 

7.501 

T 

316 = 

7.415 

T 

317 = 

6.658 

T 

318 = 

6.785 

T 

401 = 

6.908 

T 

402 = 

6.687 

T 

403 = 

6.213 

T 

404 = 

5.584 

T 

405 = 

12.301 

T 

406 = 

12.055 

T 

407 = 

11.542 

T 

408 = 

9.939 

T 

409 = 

11.438 

m 

i 

410 = 

11.260 

T 

411 = 

11 . 165 

T 

412 = 

11.344 

T 

4 1 3 = 

10.075 

T 

414 = 

8.622 

T 

415 = 

8.664 

T 

416 = 

8.465 

T 

417 « 

7.615 

T 

418 = 

7.775 

T 

501 = 

4.190 

T 

502 = 

3.888 

T 

503 * 

3.620 

T 

504 - 

3.195 

T 

505 = 

15.904 

T 

506 - 

15.618 

T 

507 . 

15.370 

T 

508 - 

14.526 

T 

509 - 

15.540 

T 

510 - 

15.318 

r 

511 . 

15.195 

T 

512 - 

15.285 

T 

513 - 

14.240 

T 

514 - 

5.939 

T 

515 - 

5 . 6 B 4 

T 

516 . 

5.080 

T 

517 - 

4 . 288 

T 

518 - 

4.443 
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T 
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T 
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T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

0 
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0 

Q 

Q 

Q 

Q 

Q 

0 

Q 

0 

Q 
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Q 

0 


601 = 

1.381 

T 

602 = 

1.030 T 

603= 

0.969 

T 

604 = 

0.754 

605 = 

19 . 596 

T 

606 = 

19.235 T 

607 = 

19.254 

T 

608 = 

19.265 

609 = 

19.791 

T 

610= 

19.587 T 

611 = 

19.386 

T 

612 = 

19.328 

613 = 

18.549 

T 

614 = 

3.129 T 

615 = 

2.510 

T 

616 = 

1.545 

617 = 

0.868 

T 

618 = 

0.968 T 

901 = 

0.432 

T 

902 = 

0.796 

90 3 = 

0.832 

T 

904 = 

0.831 T 

905 = 

0.769 

T 

906 = 

0.124 

907 = 

0.562 

T 

908 = 

0.438 T 

909 = 

0.437 

T 

910 = 

0.437 

911 = 

0.437 

T 

912 = 

0.508 T 

913 = 

0.000 

T 

921 = 

0 . 501 

922 = 

0.474 

T 

923 = 

0.362 T 

924 = 

0.501 

T 

925 = 

0.460 

926 = 

0.362 

T 

1101 = 

2.367 T 

1102 = 

2.385 

T 

1103 = 

2.463 

1104 = 

2.544 

T 

1105 = 

5.390 T 

1106= 

5.409 

T 

1107 = 

5.550 

1108 = 

5.629 

T 

1109 = 

2.444 T 

1110= 

2.462 

T 

1111 = 

2.539 

1112 = 

2.620 

T 

1113 = 

20.000 T 

1114= 

20.000 

T 

1115 = 

20.000 

1116 = 

20.000 

T 

1117 = 

20.000 T 

1118 = 

20.000 

T 

1201 = 

2.542 

1202 = 

2.561 

T 

1203 = 

2.644 T 

1204 = 

2.724 

T 

1205 = 

5.390 

1206 = 

5.409 

T 

1207 = 

5.550 T 

1208= 

5.629 

T 

1209 = 

2.638 

1210 = 

2.657 

T 

1211 = 

2.740 T 

1212 = 

2.820 

T 

1213 = 

20.000 

1214 = 

20.000 

T 

1215 = 

20.000 T 

1216 = 

20.000 

T 

1217 = 

20.000 

1218 = 

20.000 

T 

1301 = 

2.716 T 

1302 = 

2.736 

T 

1303 = 

2.824 

1 304 = 

2.904 

T 

1305 = 

5.390 T 

1306 = 

5.409 

T 

1307 = 

5.549 

1308 = 

5.629 

T 

1309 = 

2.832 T 

1310= 

2.853 

T 

1311 = 

2.940 

1312 = 

3.020 

T 

1313 = 

20.000 T 

1314= 

20.000 

T 

1315 = 

20.000 

1 316 = 

20.000 

T 

1317 = 

20.000 T 

1318= 

20.000 

T 

1401 = 

2 . 890 

1402 = 

2.912 

T 

1403 = 

3.004 T 

1404 = 

3.083 

T 

1405 = 

5.389 

1406 = 

5.410 

T 

1407 = 

5.549 T 

1408 = 

5.628 

T 

1409 = 

3.025 

1410 = 

3.048 

T 

1411 = 

3.140 T 

1412 = 

3.220 

T 

1413 = 

20.000 

14 14 = 

20.000 

T 

1415 = 

20.000 T 

1416 = 

20.000 

T 

1417 = 

20.000 

i- : 9= 

20.000 

T 

1501 = 

1.900 T 

1502= 

1.900 

T 

1503 = 

2.004 

1504 = 

2.221 

T 

1505 = 

11.831 T 

1506 = 

11.788 

T 

1507 = 

12.104 

1508 = 

12.278 

T 

1509 = 

1.973 T 

1510= 

1.969 

T 

1511 = 

2.070 

1512 = 

2.272 

T 

1513 = 

20.000 T 

1514 = 

20.000 

T 

1515 = 

20.000 

1516 = 

20.000 

T 

1517 = 

20.000 T 

1518 = 

20.000 

T 

1601 = 

0.875 

1602 = 

0.858 

T 

1603 = 

0.965 T 

1604 = 

1.298 

T 

1605 = 

18.463 

1606 = 

18.325 

T 

1607 = 

18.871 T 

1608 = 

19.277 

T 

1609 = 

0.884 

1610 = 

0.858 

T 

1611 = 

0.958 T 

1612 = 

1.260 

T 

1613 = 

20.000 

1614 = 

20.000 

T 

1615 = 

20.000 T 

1616 = 

20.000 

T 

1617 = 

20.000 

1618 = 

20.000 

T 










ASCENDING 

NODE NUMBER : IMPRESSED Q 




1 = 

0.000 

Q 

2 = 

0.000 0 

3= 

0.000 

Q 

4 = 

0.000 

5 = 

0.000 

Q 

6 = 

0.000 Q 

7 = 

0.000 

0 

8 = 

0.000 

9 = 

0.000 

Q 

10 = 

0.000 Q 

11 = 

0.000 

0 

12 = 

0.000 

1 3 = 

0.000 

Q 

14 = 

0.000 Q 

15 = 

0.000 

0 

16 = 

0.000 

17 = 

0.000 

0 

18 = 

0.000 0 

19 = 

0.000 

O 

20 = 

0.000 

21 = 

0.000 

Q 

22 = 

0.000 0 

23 = 

0.000 

0 

24 = 

0.000 

25 = 

0.000 

Q 

26 = 

0.000 Q 

27 = 

0.000 

0 

28 = 

0.000 

29 = 

0.000 

0 

30 = 

0.000 0 

31 = 

0.000 

Q 

32 = 

0.000 

3 3 = 

0.000 

Q 

34 = 

0.000 Q 

35 = 

0.000 

0 

36 = 

0.000 

37 = 

0.000 

0 

38 = 

0.000 0 

39 = 

0.000 

Q 

40 = 

0.000 

41 = 

0.000 

Q 

42 = 

0.000 0 

101 = 

0.000 

0 

102 = 

0.000 

103 = 

0.000 

0 

104 = 

0.000 0 

105 = 

0.000 

0 

106 = 

0.000 

107 = 

0.000 

0 

108 = 

0.000 0 

109 = 

0.000 

0 

110 = 

0.000 

111 = 

0.000 

Q 

112 = 

0.000 0 

113 = 

0.000 

0 

114 = 

0.000 

115 = 

0.000 

Q 

116 = 

0.000 0 

117 = 

0.000 

0 

118 = 

0.000 

201 = 

0.000 

0 

202 = 

0.000 0 

203 = 

0.000 

r» 

V 

204 = 

0.000 

205 = 

0.000 

0 

206 = 

0.000 0 

207 = 

0.000 

0 

208 = 

0.000 

209 = 

0.000 

0 

210 = 

0.000 0 

211 = 

0.000 

0 

212 = 

0.000 

213* 

0.000 

Q 

214- 

0.000 0 

215- 

0.000 

0 

216- 

0.000 

217* 

0.000 

0 

218- 

0.000 0 

301- 

0.000 

0 

302- 

0.000 

JO )• 

0.000 

0 

304- 

0.000 0 

305- 

0.000 

0 

306- 

0.000 

J07. 

0.000 

0 

30B- 

0.000 0 

309- 

0.000 

0 

310- 

0.000 
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0 

311 = 

0.000 

Q 

312 = 

0.000 

0 

315 = 

0.000 

Q 

316 = 

0.000 

0 

401 = 

0.003 

Q 

402 = 

0.004 

Q 

405 = 

0.000 

0 

406 = 

0.000 

Q 

409 = 

0.000 

Q 

410 = 

0.000 

0 

413 = 

0.000 

Q 

414 = 

0.000 

0 

417 = 

0.000 

Q 

418 = 

0.000 

0 

503 = 

0.000 

Q 

504 = 

0.000 

0 

507 = 

0.000 

0 

508 = 

0.000 

0 

511 = 

0.000 

0 

512 = 

0.000 

Q 

515 = 

0.000 

Q 

516 = 

0.000 

Q 

601 = 

0.058 

Q 

602 = 

0.070 

Q 

605 = 

0.000 

Q 

606 = 

0.000 

0 

609 = 

0.000 

Q 

610 = 

0.000 

0 

613 = 

0.000 

Q 

614 = 

0.000 

0 

617 = 

0.000 

Q 

618 = 

0.000 

0 

903 = 

0.000 

Q 

904 = 

0.000 

0 

907 = 

0.000 

0 

908 = 

0.000 

0 

911 = 

0.000 

0 

912 = 

0.000 

Q 

922 = 

0.000 

Q 

923 = 

0.000 

Q 

926 = 

0.000 

Q 

1101 = 

0.000 

0 

1104 = 

0.000 

Q 

1105 = 

0.000 

0 

1108 = 

0.000 

Q 

1109 = 

0.000 

0 

1112 = 

0.000 

Q 

1113 = 

0.000 

Q 

1116 = 

0.000 

Q 

1117 = 

0.000 

Q 

1202 = 

0.000 

Q 

1203 = 

0.000 

0 

1206 = 

0.000 

Q 

1207 = 

0.000 

0 

1210 = 

0.000 

0 

1211 = 

0.000 

0 

1214 = 

0.000 

Q 

1215 = 

0.000 

Q 

1218 = 

0.000 

Q 

1301 = 

0.000 

0 

1304 = 

0.000 

Q 

1305 = 

0.000 

0 

1 308 = 

0.000 

Q 

1309 = 

0.000 

0 

1312 = 

0.000 

Q 

1313 = 

0.000 

0 

1316 = 

0.000 

Q 

1317 = 

0.000 

0 

1402 = 

0.000 

Q 

1403 = 

0.000 

Q 

1406 = 

0.000 

Q 

1407 = 

0.000 

0 

1410 = 

0.000 

Q 

1411 = 

0.000 

0 

1414 = 

0.000 

Q 

1415 = 

0.000 

0 

1418 = 

0.000 

Q 

1501 = 

0.000 

0 

1504 = 

0.000 

Q 

1505 = 

0.000 

0 

1508 = 

0.000 

0 

1509 = 

0.000 

0 

1512 = 

0.000 

Q 

1513 = 

0.000 

Q 

1516 = 

0.000 

0 

1517 = 

0.000 

Q 

1602 = 

0.000 

Q 

1603 = 

0.000 

0 

1606 = 

0.000 

n 

1607 = 

0.000 

0 

1610 = 

0.000 

6 

1611 = 

0.000 

Q 

1614 = 

0.000 

0 

1615 = 

0.000 

0 1618 = 0.000 0 



THERMAL CALC CPU TIME (second) 
************************************* 


0 

313= 

0.000 

0 

314 = 

0.000 

Q 

317 = 

0.000 

Q 

318 = 

0.000 

Q 

403 = 

0.001 

Q 

404 = 

0.001 

0 

407 = 

0.000 

0, 

408 = 

0.000 

Q 

411 = 

0.000 

Q* 

412 = 

0.000 

Q 

415 = 

0.000 

0 

416 = 

0.000 

Q 

501 = 

0.000 

0 

502 = 

0.000 

Q 

505 = 

0.000 

0 

506 = 

0.000 

Q 

509= 

0.000 

Q 

510 = 

0.000 

Q 

513= 

0.000 

Q 

514 = 

0.000 

0 

517 = 

0.000 

Q 

518 = 

0.000 

Q 

603 = 

0.026 

Q 

604 = 

0.001 

Q 

607 = 

0.000 

Q 

608 = 

0.000 

Q 

611 = 

0.000 

Q 

612 = 

0.000 

Q 

615= 

0.000 

Q 

616 = 

0.000 

Q 

901 = 

0.000 

Q 

902 = 

0.000 

Q 

905 = 

0.000 

Q 

906 = 

0.000 

Q 

909 = 

0.000 

Q 

910= 

0.000 

Q 

913 = 

0.000 

0 

921 = 

0.000 

Q 

924 = 

0.000 

Q 

925 = 

0.000 

0 

1102 = 

0.000 

Q 

1103 = 

0.000 

Q 

1106= 

0.000 

Q 

1107 = 

0.000 

Q 

1110= 

0.000 

0 

1111 = 

0.000 

Q 

1114 = 

0.000 

Q 

1115= 

0.000 

Q 

1118 = 

0.000 

Q 

1201 = 

0.000 

Q 

1204 = 

0.000 

Q 

1205= 

0.000 

Q 

1208 = 

0.000 

Q 

1209 = 

0.000 

Q 

1212 = 

0.000 

0 

1213 = 

0.000 

Q 

1216 = 

0.000 

Q 

1217 = 

0.000 

Q 

1302 = 

0.000 

Q 

1303 = 

0.000 

Q 

1306 = 

0.000 

Q 

1307 = 

0.000 

Q 

1310 = 

0.000 

Q 

1311 = 

0.000 

Q 

1314 = 

0.000 

Q 

1315 = 

0.000 

Q 

1318 = 

0.000 

Q 

1401 = 

n noo 

0 

1404 = 

0.000 

0 

1405 = 

o.ooc 

Q 

1408 = 

0.000 

Q 

1409 = 

0.000 

Q 

1412 = 

0.000 

Q 

1413 = 

0.000 

Q 

1416 = 

0.000 

Q 

1417 = 

0.000 

0 

1502 = 

0.000 

Q 

1503 = 

0.000 

Q 

1506 = 

c.ooo 

Q 

1507 = 

0.000 

0 

1510= 

0.000 

0 

1511 = 

0.000 

0 

1514 = 

0.000 

Q 

1515 = 

0.000 

Q 

1518 = 

0.000 

Q 

1601 = 

0.000 

Q 

1604 = 

0.000 

Q 

1605 = 

0.000 

Q 

1608 = 

0.000 

Q 

1609 = 

0.000 

0 

1612 = 

0.000 

Q 

1613 = 

0.000 

0 

1616 = 

0.000 

0 

1617 = 

0.000 


98.8100 
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APPENDIX I ITAS OUTPUT FOR HOT-CASE 




Dcite; 05/20/94 Time: 15:04:24.10 


Thermal Analysis Parameters 

1. Solution Method:1.Steady-State 2.Transient 3. (162). 

2. Solution Time Step .(minutes). 

I, I'inal Time (minutes); if <0 then no of orbs. 

4. Starting Temperature .(Kelvin ). 

5. Temperature Print Interval (minutes). 

0 . Mo. of Iterations For Convergence (NLOOP). 

7. Temperature Unit 1;K, 2:C, 3:F, 4:R. 

H. Solution Accuracy Parameter (not used). 

y. Solution Convergence Parameter (not used). 

10. Solution Tolerance (ARLXCA, DRLXCA). 

II. 'I'lansient Solution Stability Factor (not used). 


12. Include User-Defined Network.(V/N) 

13. Print RADK, POWER.(Y/N) 


14. Print Transient Time/Temperature...(Y/N). 

15. Starting Temperatures Forced (No.4)(Y/N). 

1 (i. Thermal Analyses Without Orbital Loads (Y/N). 

17. Stand-Alone Thermal Analyzer (ITAS-Format Models) 
ill. No. of Isolated Cavities (RADK files). 


1 

0.10 
- 1.00 
300.00 
20 
9999 
2 

1 30 
1 . 30 
0.00100 
0.050 

Y 
N 
N 
N 

Y 
N 
0 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS THERMAL ANALYSIS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
Date: 05/20/94 Time: 15:04:24.10 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA V 


View Factor Computation Parameters 


1. View Factor Accuracy Parameter.2 

2. Engineering Units of the Geometry Data: 

l:inch, 2:feet, 3 : cent imeter , 4 :meter.1 

3. View Factor Computation Without Blockage (Y/N).N 

4. I'rint. Control Parameters: 


0:Do Not Print; l:Print All; 2:Print All 6 Intervener List.O 
5. View-Factor Re-Start File. 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS VIEW FACTOR COMPUTATIONS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
INPUT IS IN INCHES 
OU'I'PUT IS IN CENTIMETERS 
TO'l'Al, SURFACES IN THIS MODEL= 4 2 


UNITY MINUS THE SUM OF THE FACPORS 
(VIEW FACTOR -to- SPACE) 


•IIRIACF 


1.-FACT 


KEY 
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1.01 

0.3965 

( 

3) 

1.02 

0.3648 

( 

25) 

1.03 

0.3930 

t 

76) 

1.04 

0.3858 

( 

27) 

1.05 

0.3524 

( 

28 ) 

1.06 

0.8752 

( 

1) 

1.07 

0.3811 

( 

4) 

1.08 

0.3527 

( 

29 ) 

1.09 

0.3855 

( 

30) 

1 .10 

0.3854 

( 

31) 

1.11 

0.3524 

( 

32) 

1.12 

-0.0024 

( 

2) 

2.01 

0.6859 

( 

42) 

2.02 

0.8949 

( 

40) 

2.03 

0.9450 

( 

37) 

2.04 

0.9497 

( 

33) 

2.05 

0.8709 

( 

20) 

2.06 

0.5751 

( 

41) 

2.07 

0.7484 

( 

39) 

2.08 

0.7874 

( 

36) 

2.09 

0.7810 

( 

22) 

2.10 

0.7203 

( 

18) 

3.01 

0.7066 

( 

23) 

3.02 

0.8437 

( 

16) 

3.03 

0.8486 

( 

15) 

3.04 

0.7683 

( 

12) 

3.05 

0.7970 

( 

21) 

3.06 

0.9587 

( 

14) 

3.07 

0.9678 

( 

13) 

3.08 

0.8683 

( 

10) 

4.01 

-0.0193 

( 

8) 

4.02 

-0.0115 

( 

6) 

4.03 

-0.0117 

( 

11) 

4.04 

-0.0154 

( 

19) 

4.05 

-0.0348 

( 

34) 

4.06 

-0.0001 

( 

24) 

4.07 

-0.0003 

( 

35) 

4.08 

0.0000 

( 

38) 

4.09 

-0.0171 

( 

7) 

4.10 

-0.0116 

( 

5) 

4.11 

-0.0118 

( 

9) 

4.12 

-0.0112 

( 

17) 


ACTIVE SURFACES IN OUTPUT- 42 

VIEW FACTOR CALC CPU TIME (second) = 33.4500 

** END OP PC-ITAS VIEW FACTOR CALCULATIONS ** 
/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 
\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/ 

Date: 05/20/94 Time: 15:04:58.10 




Script-F Control Parameters 

1. SPACE (SINK) Node Number. 

2. Cutoff Limit For Area»Script-F (Sq.cm.). 

J. Cutoff Limit For Blackbody Vlewfactors. 

4 . SPACE (SINK) Node Emlssivity. 

5 SPACE (SINK) Node Temperature (Kelvin). 

81, 


0 

0.5000E+00 

0.0000 

0.9999 

0.0000 









6. SINDA-format RADK file to be generated (Y/N). N 

7. SINDA Radiation Conductor Number At Start. 100000 

8. Print control: 0:No,do not print, l:Yes, print all. 0 

9. File name to store RADKs.EPS.RAD 


11 

It 

II 

It 

It 

II 

II 

II 

II 

II 

II 

11 

II 

11 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

11 

II 

M 

II 

11 

II 

II 

II 

II 


11 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

It 

II 

II 

Seq 

Surface No 

Node No 

Alpha 

Emiss 

T/Mass 

Dissip 

Matr ID 


II 

II 

II 

II 

II 

II 

1! 

II 

II 

II 

II 

II 

» 

II 

11 

11 

It 

II 

II 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

11 

fl 

II 

II 

II 

II 

II 

11 

II 

II 

If 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 


1 

1.01 

1 

0.40 

0.80 

1.00 

0.00 

0 

2 

1.02 

2 

0.40 

0.80 

1.00 

0.00 

0 

3 

1.03 

3 

0.40 

0.80 

1.00 

0.00 

0 

4 

1.04 

4 

0.40 

0.80 

1.00 

0.00 

0 

5 

1.05 

5 

0.40 

0.80 

1,00 

0.00 

0 

6 

1.06 

6 

0.40 

0.80 

1.00 

0.00 

0 

7 

1.07 

7 

0.40 

0.80 

1.00 

0.00 

0 

8 

1.08 

8 

0.40 

0.80 

1.00 

0.00 

0 

9 

1.09 

9 

0.40 

0.80 

1.00 

0.00 

0 

10 

1.10 

10 

0.40 

0.80 

1.00 

0.00 

0 

11 

1.11 

11 

0.40 

0.80 

1.00 

0.00 

0 

12 

1.12 

12 

0.40 

0.80 

1,00 

0.00 

0 

1 3 

2.01 

13 

0.00 

0.01 

1.00 

0.00 

0 

14 

2.02 

14 

0.00 

0.01 

1.00 

0.00 

0 

15 

2.03 

15 

0.00 

0.01 

1.00 

0.00 

0 

16 

2.04 

16 

0.00 

0.01 

1.00 

0.00 

0 

17 

2.05 

17 

0.00 

0.01 

1.00 

0.00 

0 

18 

2.06 

18 

0.00 

0.01 

1.00 

0.00 

0 

19 

2.07 

19 

0.00 

0.01 

1.00 

0.00 

0 

20 

2.08 

20 

0.00 

0.01 

1.00 

0.00 

0 

21 

2.09 

21 

0.00 

0.01 

1.00 

0.00 

0 

22 

2.10 

22 

0.00 

0.01 

1.00 

0.00 

0 

23 

3.01 

23 

0.00 

0,01 

1.00 

0.00 

0 

24 

3.02 

24 

0.00 

0.01 

1.00 

0.00 

0 

25 

3.03 

25 

0.00 

0.01 

1.00 

0.00 

0 

26 

3.04 

26 

0.00 

0.01 

1.00 

0.00 

0 

27 

3.05 

27 

0.00 

0.01 

1.00 

0.00 

0 

28 

3.06 

28 

0.00 

0.01 

1.00 

0.00 

0 

29 

3.07 

29 

0.00 

0.01 

1.00 

0.00 

0 

30 

3.08 

30 

0.00 

0.01 

1.00 

0.00 

0 

31 

4.01 

31 

0.00 

0.01 

1.00 

0.00 

0 

32 

4.02 

32 

0.00 

0.01 

1.00 

0.00 

0 

33 

4.03 

33 

0.00 

0.01 

1.00 

0.00 

0 

34 

4.04 

34 

0.00 

0.01 

1.00 

0.00 

0 

35 

4.05 

35 

0.00 

0.01 

1.00 

0.00 

0 

36 

4.06 

36 

0.00 

0.01 

1.00 

0.00 

0 

37 

4.07 

37 

0.00 

0.01 

1.00 

0.00 

0 

38 

4.08 

38 

0.00 

0.01 

1.00 

0.00 

0 

39 

4.09 

39 

0.00 

0.01 

1.00 

0.00 

0 

40 

4.10 

40 

0.00 

0.01 

1.00 

0.00 

0 

4 1 

4.11 

41 

0.00 

0.01 

1.00 

0.00 

0 

42 

4.12 

42 

0.00 

0.01 

1.00 

0.00 

0 


/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\ 

*ITAS SCRIPT-F (RADK) COMPUTATIONS* 

/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\''\ 


PC-ITAS SCRIPT-F CALCULATION SEGMENT: 


Writing 

ITAS-format 

RADK for 

future use 


Nodei, 

Temp., 

TherMass 

, Power 


1 

10.00 

1.00 

0.00 EPS 

HOUSING 

2 

10.00 

1.00 

0.00 EPS 

85 

HOUSING 













3 


10.00 

1.00 

0.00 

EPS 

HOUSING 


4 


10.00 

1.00 

0.00 

EPS 

HOUSING 


5 


10.00 

1.00 

0.00 

EPS 

HOUSING 


6 


10.00 

1.00 

0.00 

EPS 

HOUSING 


7 


10.00 

1.00 

0.00 

EPS 

HOUSING 


8 


10.00 

1.00 

0.00 

EPS 

HOUSING 


9 


10.00 

1.00 

0.00 

EPS 

HOUSING 


10 


10.00 

1.00 

0.00 

EPS 

HOUSING 


11 


10.00 

1.00 

0.00 

EPS 

HOUSING 


12 


10.00 

1.00 

0.00 

EPS 

HOUSING 


13 


10.00 

1.00 

0.00 

PCS 

1-1 


14 


10.00 

1.00 

0.00 

PCB 

1-1 


15 


10.00 

1.00 

0.00 

PCB 

1-1 


16 


10.00 

1.00 

0.00 

PCB 

1-1 


17 


10.00 

1.00 

0.00 

PCB 

1-1 


18 


10.00 

1.00 

0.00 

PCB 

1-1 


19 


10.00 

1.00 

0.00 

PCB 

1-1 


20 


10.00 

1.00 

0.00 

PCB 

1-1 


21 


10.00 

1.00 

0.00 

PCB 

1-1 


22 


10.00 

1.00 

0.00 

PCB 

1-1 


23 


10.00 

1.00 

0.00 

PCB 

1-2 


24 


10.00 

1.00 

0.00 

PCB 

1-2 


25 


10.00 

1.00 

0.00 

PCB 

1-2 


26 


10.00 

1.00 

0.00 

PCB 

1-2 


27 


10.00 

1.00 

0.00 

PCB 

1-2 


28 


10.00 

1.00 

0.00 

PCB 

1-2 


29 


10.00 

1.00 

0.00 

PCB 

1-2 


30 


10.00 

1.00 

0.00 

PCB 

1-2 


31 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


32 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


33 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


34 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


35 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


36 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


37 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


38 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


39 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


40 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


41 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 


42 


10.00 

1.00 

0.00 

PCB 

2 (BOTTOM) 

RAD 


00 

0.1295000000E+01 


1 

4 

RAD 


00 

0.34( 

D8000000E+01 


1 

5 

RAD 


00 

0.1231900000E+02 


1 

6 

RAD 


00 

0.1441000000E+01 


1 

7 

RAD 


00 

0.1166000000E+01 


1 

10 

RAD 


00 

0.3754000000E+01 


1 

11 

RAD 


00 

0.9037000000E+01 


1 

12 

RAD 


00 

0.550n000000E+00 


2 

3 

RAD 


00 

0.3313000000E+01 


2 

6 

RAD 


00 

0.3342000000E+01 


2 

7 

RAD 


00 

0.2634000000E+01 


2 

12 

RAD 


00 

0.9950000000E+00 


3 

4 

RAD 


00 

0.3602000000E+01 


3 

6 

RAD 


00 

0.9060000000E+00 


3 

7 

RAD 


00 

0.2767000000E+01 


3 

12 

RAD 


00 

o.75eoooooooE+oo 


4 

5 

RAD 


00 

0.3602000000E+01 


4 

6 

KAD 


00 

0.2770000000E+01 


4 

12 

RAD 


00 

0.3314000000E-»01 


5 

6 

RAD 


00 

0.2622000000E^01 


5 

12 


86 



RAD 

00 

0.1230000000E+02 

6 

7 

RAD 

00 

0.3314000000E+01 

6 

8 

RAD 

00 

0.3600000000E+01 

6 

9 

RAD 

00 

0.3601000000E+01 

6 

10 

RAD 

00 

0.3314000000E+01 

6 

11 

RAD 

00 

0.1643000000E+01 

6 

12 

RAD 

00 

0.3619000000E+01 

7 

8 

RAD 

00 

0.1020000000E+01 

7 

9 

RAD 

00 

0.9591000000E+01 

7 

12 

RAD 

00 

0.7800000000E+00 

8 

9 

RAD 

00 

0.2629000000E+01 

8 

12 

RAD 

00 

0.7910000000E+00 

9 

10 

RAD 

00 

0.2762000000E+01 

9 

12 

RAD 

00 

0.2766000000E+01 

10 

12 

RAD 

00 

0.2615000000E+01 

11 

12 

RAD 

00 

0.5660000000E+00 

12 

32 

RAD 

00 

0.5110000000E+00 

12 

39 

RAD 

00 

0,6110000000E+00 

12 

40 


dOF RADIATION CONDUCTANCES GENERATED=: 38 

ick***^i(**lc^*'k**ickii*1fk**'k*ifk*-k-k**'k-k*t* 

SCRIPT-F CALC CPU TIME (second) = 2.64000 

ITAS THERMAL ANALYZER: 

vvvvvvvvvvvvvvvvvvvv ADDING USER NODES vvvvvvvvvvv 
IPTR N= 5022 


RECORD 

5022 = 

1 

901 

20 

0 

EPS HOUSING WALLS +X 

RECORD 

5023 = 

2 

902 

20 

0 

+Y 

RECORD 

5024 = 

3 

903 

20 

0 

+Y 

RECORD 

5025 = 

4 

904 

20 

0 

+Y 

RECORD 

5026 = 

5 

905 

20 

0 

+ Y 

RECORD 

5027 = 

6 

906 

20 

0 

+ Z 

RECORD 

5028 = 

7 

907 

20 

0 

-X 

RECORD 

5029 = 

8 

908 

20 

0 

-Y 

RECORD 

5030 = 

9 

909 

20 

0 

-Y 

RECORD 

5031 = 

10 

910 

20 

0 

-Y 

RECORD 

5032 = 

11 

911 

20 

0 

-Y 

RECORD 

5033 = 

12 

912 

20 

0 

-Z 

RECORD 

5034 = 

13 

-913 

40 

0 

BOUNDARY NODE TO 906 

RECORD 

5035 = 

14 

921 

20 

0 

HOUSING +Y BOTTOM RAIL 

RECORD 

5036 = 

15 

922 

20 

0 

+Y MIDDLE RAIL 

RECORD 

5037 = 

16 

923 

20 

0 

+Y TOP RAIL 

RECORD 

5038 = 

17 

924 

20 

0 

-Y BOTTOM RAIL 

RECORD 

5039 = 

18 

925 

20 

0 

-Y MIDDLE RAIL 

RECORD 

5040 = 

19 

926 

20 

0 

-Y TOP RAIL 

RECORD 

5041 = 

20 

601 

20 

.037 

TOP PCB THERMAL PLANE 

RECORD 

5042 = 

21 

602 

20 

.0475 


RECORD 

5043 = 

22 

603 

20 

.01995 

RECORD 

5044 = 

23 

604 

20 

.01 


RECORD 

5045 = 

24 

605 

20 

.011 


RECORD 

5046 = 

25 

606 

20 

.060 


RECORD 

5047 = 

26 

607 

20 

.011 


RECORD 

5048 = 

27 

608 

20 

0 


RECORD 

5049 = 

28 

609 

20 

0 


RECORD 

5050 = 

29 

610 

20 

.008 


RECORD 

5051 = 

30 

611 

20 

.008 


RECORD 

5052- 

31 

612 

20 

.011 


RECORD 

5053- 

32 

613 

20 

0 


RECORD 

5054- 

33 

614 

20 

0 


RECORD 

5055- 

34 

615 

20 

.009 



87 







RECORD 

5056 = 

35 

616 

20 

RECORD 

5057 = 

36 

617 

20 

RECORD 

5058 = 

37 

618 

20 

RECORD 

5059 = 

38 

501 

20 

RECORD 

5060 = 

39 

502 

20 

RECORD 

5061 = 

40 

503 

20 

RECORD 

5062 = 

41 

504 

20 

RECORD 

5063 = 

42 

505 

20 

RECORD 

5064 = 

43 

506 

20 

RECORD 

5065 = 

44 

507 

20 

RECORD 

5066 = 

45 

508 

20 

RECORD 

5067 = 

46 

509 

20 

RECORD 

5068 = 

47 

510 

20 

RECORD 

5069 = 

48 

511 

20 

RECORD 

5070 = 

49 

512 

20 

RECORD 

5071 = 

50 

513 

20 

RECORD 

5072 = 

51 

514 

20 

RECORD 

5073 = 

52 

515 

20 

RECORD 

5074 = 

53 

516 

20 

RECORD 

5075 = 

54 

517 

20 

RECORD 

5076 = 

55 

518 

20 

RECORD 

5077 = 

56 

401 

20 

RECORD 

5078 = 

57 

402 

20 

RECORD 

5079 = 

58 

403 

20 

RECORD 

5080 = 

59 

404 

20 

RECORD 

5081 = 

60 

405 

20 

RECORD 

5082 = 

61 

406 

20 

RECORD 

5083 = 

62 

407 

20 

RECORD 

5084 = 

63 

408 

20 

RECORD 

5085 = 

64 

409 

20 

RECORD 

5086 = 

65 

410 

20 

RECORD 

5087 = 

66 

411 

20 

RECORD 

5088 = 

67 

412 

20 

RECORD 

5089 = 

68 

413 

20 

RECORD 

5090 = 

69 

414 

20 

RECORD 

5091 = 

70 

415 

20 

RECORD 

5092 = 

71 

416 

20 

RECORD 

5093 = 

72 

417 

20 

RECORD 

5094 = 

73 

418 

20 

RECORD 

5095 = 

74 

301 

20 

RECORD 

5096 = 

75 

302 

20 

RECORD 

5097 = 

76 

303 

20 

RECORD 

5098 = 

77 

304 

20 

RECORD 

5099 = 

78 

305 

20 

RECORD 

5100 = 

79 

306 

20 

RECORD 

5101 = 

80 

307 

20 

RECORD 

5102 = 

81 

308 

20 

RECORD 

5103 = 

82 

309 

20 

RECORD 

5104 = 

83 

310 

20 

RECORD 

5105 = 

84 

311 

20 

RECORD 

5106 = 

85 

312 

20 

RECORD 

5107 = 

86 

313 

20 

RECORD 

5108 = 

87 

314 

20 

RECORD 

5109 = 

88 

315 

20 

RECORD 

5110 = 

89 

316 

20 

RECORD 

5111 = 

90 

317 

20 

RECORD 

5112 = 

91 

318 

20 

RECORD 

5113- 

92 

201 

20 

RECORD 

5114- 

93 

202 

20 

RECORD 

5115- 

94 

203 

20 


.009 

.004 

0 

0 5TH LAYER POLYIMIDE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.003 GROUND LAYER COPPER 
.004 
.001 
.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 3RD LAYER POLYIMIDE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 SIGNAL LEVEL (VERY LITTLE CU) 

0 
0 

88 




« 


RECORD 5116= 95 

RECORD 5117= 96 

RECORD 5118= 97 

RECORD 5119= 98 

RECORD 5120= 99 

RECORD 5121= 100 
RECORD 5122= 101 
RECORD 5123= 102 
RECORD 5124= 103 
RECORD 5125= 104 
RECORD 5126= 105 
RECORD 5127= 106 
RECORD 5128= 107 
RECORD 5129= 108 
RECORD 5130= 109 
RECORD 5131= 110 
RECORD 5132= 111 
RECORD 5133= 112 
RECORD 5134= 113 
RECORD 5135= 114 
RECORD 5136= 115 
RECORD 5137= 116 
RECORD 5138= 117 
RECORD 5139= 118 
RECORD 5140= 119 
RECORD 5141= 120 
RECORD 5142= 121 
RECORD 5143= 122 
RECORD 5144= 123 
RECORD 5145= 124 
RECORD 5146= 125 
RECORD 5147= 126 
RECORD 5148= 127 
RECORD 5149= 128 
RECORD 5150= 129 
RECORD 5151= 130 
RECORD 5152= 131 
RECORD 5153= 132 
RECORD 5154= 133 
RECORD 5155= 134 
RECORD 5156= 135 
RECORD 5157= 136 
RECORD 5158= 137 
RECORD 5159= 138 
RECORD 5160= 139 
RECORD 5161= 140 
RECORD 5162= 141 
RECORD 5163= 142 
RECORD 5164= 143 
RECORD 5165= 144 
RECORD 5166= 145 
RECORD 5167= 146 
RECORD 5168= 147 
RECORD 5169= 148 
RECORD 5170= 149 
RECORD 5171= 150 
RECORD 5172- 151 
RECORD 5173- 152 
RECORD 5174- 153 
RECORD 5175- 154 


204 

20 

0 

205 

20 

0 

206 

20 

0 

207 

20 

0 

208 

20 

0 

209 

20 

0 

210 

20 

0 

211 

20 

0 

212 

20 

0 

213 

20 

0 

214 

20 

0 

215 

20 

0 

216 

20 

0 

217 

20 

0 

218 

20 

0 

101 

20 

0 

102 

20 

0 

103 

20 

0 

104 

20 

0 

105 

20 

0 

106 

20 

0 

107 

20 

0 

108 

20 

0 

109 

20 

0 

110 

20 

0 

111 

20 

0 

112 

20 

0 

113 

20 

0 

114 

20 

0 

115 

20 

0 

116 

20 

0 

117 

20 

0 

118 

20 

0 

1601 

20 

.113 

1602 

20 

.086 

1603 

20 

.025 

1604 

20 

0 

1605 

20 

0 

1606 

20 

.175 

1607 

20 

0 

1608 

20 

0 

1609 

20 

. 375 

1610 

20 

. 105 

1611 

20 

.15 

1612 

20 

0 

1613 

20 

0 

1614 

20 

0 

1615 

20 

0 

1616 

20 

0 

1617 

20 

0 

1618 

20 

0 

1501 

20 

0 

1502 

20 

0 

1503 

20 

0 

1504 

20 

0 

1505 

20 

0 

1506 

20 

0 

1507 

20 

0 

1508 

20 

0 

1509 

20 

0 


TOP LAYER POLYIMIDE 


BOTTOM PCB THERMAL PLANE COPPER 


5TH LAYER POLYIMIDE 
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RECORD 5176= 155 
RECORD 5177= 156 
RECORD 5178= 157 
RECORD 5179= 158 
RECORD 5180= 159 
RECORD 5181= 160 
RECORD 5182= 161 
RECORD 5183= 162 
RECORD 5184= 163 
RECORD 5185= 164 
RECORD 5186= 165 
RECORD 5187= 166 
RECORD 5188= 167 
RECORD 5189= 168 
RECORD 5190= 169 
RECORD 5191= 170 
RECORD 5192= 171 
RECORD 5193= 172 
RECORD 5194= 173 
RECORD 5195= 174 
RECORD 5196= 175 
RECORD 5197= 176 
RECORD 5198= 177 
RECORD 5199= 178 
RECORD 5200= 179 
RECORD 5201= 180 
RECORD 5202= 181 
RECORD 5203= 102 
RECORD 5204= 183 
RECORD 5205= 184 
RECORD 5206= 185 
RECORD 5207= 186 
RECORD 5208= 187 
RECORD 5209= 188 
RECORD 5210= 189 
RECORD 5211= 190 
RECORD 5212= 191 
RECORD 5213= 192 
RECORD 5214= 193 
RECORD 5215= 194 
RECORD 5216= 195 
RECORD 5217= 196 
RECORD 5218= 197 
RECORD 5219= 198 
RECORD 5220= 199 
RECORD 5221= 200 
RECORD 5222= 201 
RECORD 5223= 202 
RECORD 5224= 203 
RECORD 5225= 204 
RECORD 5226= 205 
RECORD 5227= 206 
RECORD 5228= 207 
RECORD 5229= 208 
kECOKU 5230= 209 
RECORD 5231= 210 
RECORD 5232- 211 
RECORD 5233- 212 
RECORD 5234- 213 
RECORD 5235- 214 


1510 

20 

0 

1511 

20 

0 

1512 

20 

0 

1513 

20 

0 

1514 

20 

0 

1515 

20 

0 

1516 

20 

0 

1517 

20 

0 

1518 

20 

0 

1401 

20 

0 

1402 

20 

0 

1403 

20 

0 

1404 

20 

0 

1405 

20 

0 

1406 

20 

0 

1407 

20 

0 

1408 

20 

0 

1409 

20 

0 

1410 

20 

0 

1411 

20 

0 

1412 

20 

0 

1413 

20 

0 

1414 

20 

0 

1415 

20 

0 

1416 

20 

0 

1417 

20 

0 

1418 

20 

0 

1301 

20 

0 

1302 

20 

0 

1303 

20 

0 

1304 

20 

0 

1305 

20 

0 

1306 

20 

0 

1307 

20 

0 

1308 

20 

0 

1309 

20 

0 

1310 

20 

0 

1311 

20 

0 

1312 

20 

0 

1313 

20 

0 

1314 

20 

0 

1315 

20 

0 

1316 

20 

0 

1317 

20 

0 

1318 

20 

0 

1201 

20 

0 

1202 

20 

0 

1203 

20 

0 

1204 

20 

0 

1205 

20 

0 

1206 

20 

0 

1207 

20 

0 

1208 

20 

0 

1209 

20 

0 

1213 

^0 

0 

1211 

20 

0 

1212 

20 

0 

1213 

20 

0 

1214 

20 

0 

1215 

20 

0 
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GROUND LAYER COPPER 


3RD LAYER POLYIMIDE 


SIGNAL LAYER COPPER 




RECORD 

5236= 215 

1216 

20 



0 






RECORD 

5237= 216 

1217 

20 



0 






RECORD 

5230= 217 

1218 

20 



0 






RECORD 

5239= 218 

1101 

20 



0 

TOP 

LATER POLYIMIDE 

RECORD 

5240= 219 

1102 

20 



0 






RECORD 

5241= 220 

1103 

20 



0 






RECORD 

5242= 221 

1104 

20 



0 






RECORD 

5243= 222 

1105 

20 



0 






RECORD 

5244= 223 

1106 

20 



/N 






RECCRu 

5245= 224 

1107 

20 



0 






RECORD 

5246= 225 

1108 

20 



0 






RECORD 

5247= 226 

1109 

20 



0 






RECORD 

5248= 227 

1110 

20 



0 






RECORD 

5249= 228 

1111 

20 



0 






RECORD 

5250= 229 

1112 

20 



0 






RECORD 

5251= 230 

1113 

20 



0 






RECORD 

5252= 231 

1114 

20 



0 






RECORD 

5253= 232 

1115 

20 



0 






RECORD 

5254= 233 

1116 

20 



0 






RECORD 

5255= 234 

1117 

20 



0 






RECORD 

5256= 235 

1110 
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ITAS THERMAL ANALYSIS: 


CHECKOUT PHASE OF PC-ITAS THERMAL ANALYSIS 
TOTAL CARDS ENCOUNTERED: 1776 

TOTAL THERMAL MASSES USED (W-Min/C)= 1366.04 

TOTAL THERMAL MASSES USED (BTU/F )= 43.1695 

NO. OF THERMAL NODES= 277 

ITAS STEADY-STATE SOLUTION ALGORITHM (SUCCESSIVE POINT ITERATION) PARAMETERS; 
ARLXCA=0.10000E-02, DRLXCA=0.lOOOOE-02 NLOOP= 9999 

*********** t * * **ifk**1c**it ******* *K*^**: *: it* * * tc ****:**»: t ***** » * * 

ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 

NO. OF ITERATIONS= 2805 TOTAL INPUT ENERGY (W)= 1.2830 

SYSTEM ENERGY BALANCE (W)= 7.1385 ( 556.39 %) 
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ASCENDING NODE NUMBER : TEMPERATURE 

ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2805 TOTAL INPUT ENERGY (W)= 1.2830 
SYSfE.-. ENERGY BALANCE (W)= 7.1385 ( 556.39 %) 
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29.042 

T 

411 = 
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1110= 

37.822 

T 

1111 = 

37.727 

1112 = 

37.613 

T 

1113 = 

20.000 

T 

1114 = 

20.000 

T 

1115 = 

20.000 

1116 = 

20.000 

T 

1117 = 

20.000 

T 

1118 = 

20.000 

T 

1201 = 

37.711 

1 202 = 

37.707 

T 

1203 = 

37.603 

T 

1204 = 

37.511 

T 

1205 = 

34.893 

1206 = 

34.966 

T 

1207 = 

34.751 

T 

1208= 

34.628 

T 

1209 = 

37.708 

1210 = 

37.642 

T 

1211 = 

37.540 

T 

1212 = 

37.423 

T 

1213 = 

20.000 

1214 = 

20.000 

T 

1215 = 

20.000 

T 

1216 = 

20.000 

T 

1217 = 

20.000 

1218 = 

20.000 

T 

1301 = 

37.547 

T 

1302= 

37.543 

T 

1303 = 

37.432 

1304 = 

37.340 

T 

1305 = 

34.894 

T 

1306 = 

34.966 

T 

1307 = 

34.751 

1308 = 

34.629 

T 

1309 = 

37.533 

T 

1310= 

37.462 

T 

1311 = 

37.353 

1312 = 

37.233 

T 

1313 = 

20.000 

T 

1314 = 

20.000 

T 

1315 = 

20.000 

1316 = 

20.000 

T 

1317 = 

20.000 

T 

1318= 

20.000 

T 

1401 = 

37.384 

1402 = 

37.379 

T 

1403 = 

37.261 

T 

1404 = 

37.169 

T 

1405 = 

34.894 

1406 = 

34.967 

T 

1407 = 

34.752 

T 

1408 = 

34.629 

i' 

1409 = 

37.35‘» 

14 10 = 

37.283 

T 

1411 = 

37.167 

T 

1412= 

37.043 

T 

1413 = 

20.000 

1414 = 

20.000 

T 

1415 = 

20.000 

T 

1416 = 

20.000 

T 

1417 = 

20.000 

1418 = 

20.000 

T 

1501 = 

38.371 

T 

1502 = 

38.383 

T 

1503 = 

38.252 

1 504 = 

38.016 

T 

1505 = 

28.272 

T 

1506 = 

28.850 

T 

1507 = 

28.225 

1508 = 

27.912 

T 

1509 = 

38.516 

T 

1510 = 

38.339 

T 

1511 = 

38.280 

1512 = 

37.936 

T 

1513 = 

20.000 

T 

1514 = 

20.000 

T 

1515 = 

20.000 

1516 = 

20.000 

T 

1517 = 

20.000 

T 

1 «;i8 = 

20.000 

T 

If ”1 = 

39 39 3 

160?- 

39.417 

T 

1503 = 

39.280 

m 

1604 = 

38.y25 

T 

1605 = 

21.450 

1606 = 

22,585 

T 

1607 = 

21.464 

T 

1608 = 

20.844 

T 

1609 = 

39.711 

1610 = 

39.426 

T 

1611 = 

39.436 

T 

1612= 

38.893 

T 

1613 = 

20.000 

1614 = 
1618 = 

23.000 

20.000 

T 1615= 

T 

ASCENDING 

20.000 T 1616= 20.000 

NODE NUMBER : IMPRESSED Q 

T 

1617 = 

20.000 

1 = 

0.000 

Q 

2- 

0.000 

0 

3= 

0.000 

Q 

4 = 

0.000 

5* 

0.000 

0 

6* 

0.000 

0 

7- 

0.000 

0 

8 = 

0.000 

9* 

0.000 

0 

10- 

0.000 

0 

11- 

0.000 

0 

12- 

0.000 

1 3 = 

0.000 

0 

14- 

0.000 

0 

15- 

0.000 

0 

16- 

0.000 

17 - 

0.000 

0 

le - 

0.000 

0 

19- 

0.000 

0 

20 - 

0.000 
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I 


0 

21 = 

0.000 

Q 

Q 

25 = 

0.000 

Q 

0 

29 = 

0.000 

Q 

0 

33 = 

0.000 

0 

0 

37 = 

0.000 

Q 

Q 

41 = 

0.000 

0 

Q 

103 = 

0.000 

Q 

0 

107 = 

0.000 

Q 

0 

111 = 

0.000 

Q 

0 

115 = 

0.000 

Q 

Q 

201 = 

c.coo 

Q 

0 

205 = 

0.000 

0 

Q 

209 = 

0.000 

Q 

Q 

213 = 

0.000 

Q 

0 

217 = 

0.000 

Q 

Q 

303 = 

0.000 

Q 

0 

307 = 

0.000 

Q 

Q 

311 = 

0.000 

Q 

Q 

315 = 

0.000 

Q 

0 

401 = 

0.003 

Q 

Q 

405 = 

0.000 

Q 

Q 

409 = 

0.000 

Q 

0 

413 = 

0.000 

Q 

Q 

417 = 

0.000 

Q 

Q 

503 = 

0.000 

0 

Q 

507 = 

0.000 

Q 

Q 

511 = 

0.000 

Q 

Q 

515 = 

0.000 

Q 

Q 

601 = 

0.037 

Q 

0 

605 = 

0.011 

0 

Q 

609 = 

0.000 

Q 

0 

613 = 

0.000 

Q 

Q 

617 = 

0.004 

Q 

0 

903 = 

0.000 

Q 

Q 

907 = 

0.000 

Q 

Q 

911 = 

0.000 

Q 

0 

922 = 

0.000 

0 

0 

926 = 

0.000 

Q 

0 

1104 = 

0.000 

Q 

Q 

1108 = 

0.000 

Q 

0 

1112 = 

0.000 

Q 

Q 

1116 = 

0.000 

Q 

0 

1252 = 

0.000 

Q 

Q 

1206 = 

0.000 

Q 

0 

1210= 

0.000 

Q 

0 

1214 = 

0.000 

Q 

0 

1218 = 

0.000 

Q 

0 

1304 = 

0.000 

Q 

Q 

1308 = 

0.000 

Q 

0 

1312 = 

n . ono 

Q 

C- 

1316 = 

0.000 

Q 

0 

1402 = 

0.000 

Q 

Q 

1406 = 

0.000 

Q 

0 

1410 = 

0.000 

0 

0 

1414 = 

0.000 

Q 

0 

1418 = 

0.000 

0 

0 

1504 - 

0.000 

0 

0 

1506 - 

0.000 

0 

0 

1512 - 

0.000 

0 

0 

1516 - 

0.000 

0 


22 = 

0.000 

0 

23 = 

26 = 

0.000 

0 

27 = 

30 = 

0.000 

0 

31 = 

34 = 

0.000 

0 

35 = 

38 = 

0.000 

0 

39 = 

42 = 

0.000 

Q 

101 = 

104 = 

0.000 

0 

105 = 

108 = 

0.000 

0 

109 = 

112 = 

0.000 

Q 

113 = 

116 = 

0.000 

Q 

117 = 

202 = 

0.000 

0 

203 = 

206 = 

0.000 

0 

207 = 

210 = 

0.000 

Q 

211 = 

214 = 

0.000 

Q 

215 = 

218 = 

0.000 

Q 

301 = 

304 = 

0.000 

Q 

305 = 

308 = 

0.000 

0 

309 = 

312 = 

0.000 

Q 

313 = 

316 = 

0.000 

Q 

317 = 

402 = 

0.004 

Q 

403 = 

406 = 

0.000 

Q 

407 = 

410 = 

0.000 

0 

411 = 

414 = 

0.000 

Q 

415 = 

418 = 

0.000 

Q 

501 = 

504 = 

0.000 

0 

505 = 

508 = 

0.000 

Q 

509 = 

512 = 

0.000 

Q 

513 = 

516 = 

0.000 

Q 

517 = 

602 = 

0.047 

0 

603 = 

606 = 

0.060 

Q 

607 = 

610 = 

0.008 

Q 

611 = 

614 = 

0.000 

Q 

615 = 

618 = 

0.000 

0 

901 = 

904 = 

0.000 

0 

905 = 

908 = 

0.000 

Q 

909 = 

912 = 

0.000 

Q 

913 = 

923 = 

0.000 

0 

924 = 

1101 = 

0.000 

0 

1102 = 

1105 = 

0.000 

Q 

1106 = 

1109 = 

0.000 

Q 

1110 = 

1113 = 

0.000 

0 

1114 = 

1117 = 

0.000 

Q 

1118 = 

1203 = 

0.000 

0 

1204 = 

1207 = 

0.000 

0 

1208 = 

1211 = 

0.000 

Q 

1212 = 

1215 = 

0.000 

0 

1216 = 

1301 = 

0.000 

Q 

1302 = 

1305 = 

0.000 

Q 

1306 = 

1309 = 

0.000 

0 

1310 = 

1313 = 

0.000 

0 

1314 = 

1317 = 

0.000 

0 

1318 = 

1403 = 

0.000 

0 

1404 = 

1407 = 

0.000 

0 

1408 = 

1411 = 

0.000 

0 

1412 = 

1415 = 

0.000 

0 

1416 = 

1501 = 

0.000 

0 

1502 = 

1505 - 

0.000 

0 

1506 - 

1509 - 

0.000 

0 

1510 - 

151 3 - 

0.000 

0 

1514 - 

1517 - 

0.000 

0 

1518 - 


95 


0.000 

Q 

24 = 

0.000 

0.000 

0 

28 = 

0.000 

0.000 

0 

32 = 

0.000 

0.000 

Q 

36 = 

0.000 

0.000 

0 

40 = 

0.000 

0.000 

0 

102 = 

0.000 

0.000 

0 

106 = 

0.000 

0.000 

Q 

110= 

0.000 

0.000 

Q 

114 = 

0.000 

0.000 

0 

118 = 

0.000 

0.000 

Q 

204 = 

0.000 

0.000 

0 

208 = 

0,000 

0.000 

0 

212 = 

0.000 

0.000 

0 

216 = 

0,000 

0.000 

Q 

302 = 

0,000 

0.000 

Q 

306 = 

0,000 

0.000 

0 

310 = 

0.000 

0.000 

Q 

314 = 

0,000 

0.000 

Q 

318 = 

0,000 

0.001 

0 

404 = 

0,001 

0.000 

0 

408 = 

0,000 

0.000 

Q 

412 = 

0,000 

0.000 

Q 

416 = 

0,000 

0.000 

Q 

502 = 

0,000 

0.000 

0 

506 = 

0,000 

0.000 

0 

510 = 

0.000 

0.000 

0 

514 = 

0.000 

0.000 

Q 

518= 

0.000 

0.020 

Q 

604 = 

0.010 

0.011 

Q 

608 = 

0.000 

0.008 

Q 

612 = 

0.011 

0.009 

Q 

616 = 

0.009 

0.000 

0 

902 = 

0.000 

0.000 

0 

906 = 

0.000 

0.000 

0 

910= 

0.000 

0.000 

Q 

921 = 

0.000 

0.000 

0 

925 = 

0.000 

0.000 

0 

1103 = 

0.000 

0.000 

Q 

1107 = 

0.000 

0.000 

Q 

1111 = 

0.000 

0.000 

0 

1115 = 

0.000 

0.000 

Q 

1201 = 

0.000 

0.000 

0 

1205 = 

0.000 

0.000 

0 

1209 = 

0.000 

0.000 

Q 

1213 = 

0.000 

0.000 

Q 

1217 = 

0.000 

0.000 

Q 

1303 = 

0.000 

0.000 

Q 

1307 = 

0 . oco 

0.000 

Q 

1311 = 

0.000 

0.000 

0 

1315= 

0.000 

0.000 

0 

1401 = 

0.000 

0.000 

0 

1405 = 

0.000 

0.000 

0 

1409 = 

0.000 

0.000 

Q 

1413 = 

0.000 

0.000 

Q 

1417 = 

0.000 

0.000 

Q 

1503 = 

0.000 

0.000 

0 

1507 = 

0.000 

0.000 

0 

1511 - 

0.000 

0.000 

0 

1515 - 

0.000 

0.000 

0 

UOl - 

0.113 



0 

1602 = 

0.086 Q 

1603 = 

0.025 

Q 

1604 = 

0.000 

Q 

1605 = 

0.000 

0 

1606 = 

0.175 Q 

1607 = 

0.000 

0 

1608 = 

0.000 

Q 

1609 = 

0.375 

Q 

1610 = 

0.105 0 

1611 = 

0.150 

Q 

1612 = 

0.000 

0 

1613 = 

0.000 

Q 

1614 = 

0.000 Q 

1615 = 

0.000 

Q 

1616 = 

0.000 

Q 

1617 = 

0.000 

0 

' *■ * 

1618 = 

0.000 0 


ic "A "k ‘i( 







THERMAL CALC 

CPU TIME 

(second) 



100.790 








96 




LIST OF REFERENCES 


[1] Kreith, F. and Bohn, M., Principles of Heat Transfer, Harper and Row, 

1986. 

[2] Baumeister, TMechanical Engineering Handbook, McGraw-Hill, 1958 

[3] Larson, W and Wertz, J., Space Mission Analysis andDesigfi, Kluwer Academic 
Publishers, 1992. 

[4] Agrawal, B. N., Design of Geosynchronous Spacecraft, Prentice-Hall, Inc., 
Englewood Cliffs, NJ, 1986. 

[5] Materials Reference Journal, Machine Design, Penton Publishers, 1986. 

[6] Analytix Corporation, ITAS Users Manual, Analytix Corporation, 1993. 


97 



INITIAL DISTRIBUTION LIST 

No Copies 

1. Defense Technical Information Center 2 

Cameron Station 

Alexandria VA 22301-6145 

2. Library, Code 052 2 

Naval Postgraduate School 

Monterey CA 93943-5002 

3 Dr. Rudolph Panholzer 1 

Chairman, Space Systems Academic Group 

Code SP 

Naval Postgraduate School 
Monterey CA 93943-5002 

4 Dr I. Michael Ross 8 

Code A-A^O 

Naval Postgraduate School 
Monterey CA 93943-5002 

5. Dr. Sandra L. Scrivener 1 

Code AA/SS 

Naval Postgraduate School 
Monterey CA 93943-5002 

6. LT Eric L. Victor 4 

Tactical Air Control Squadron 21 

FPO New York 09501-6541 


98 




